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A  CONTRIBUTION  TO  THE  STUDY  OF  INFLAMMATION 
AS  ILLUSTRATED  BY  INDUCED  KERATITIS.  By 
WILLIAM  COUNCILMAN,  M.D.  (Plate  IV.) 


(From  lh$  Biological  Laboratory  of  th»  Johiu  Hopkins  Univoroiijf,) 

m 

It  woM  be  useless  to  attempt  to  give  here  any  but  the  briefest  sketch 
of  the  TiewB  which  have  been  held  conoerniog  the  origin  of  pus  and 
the  natnre  of  the  cellnhtr  changes  oocarring  in  inflammation  since  the 
time  of  the  establishment  of  the  odll  theory.  A  mere  recapitohition 
of  (he  articles  written  on  this  subject  in  the  decade  of  *60~*70  would 
fin  pages.  I  will,  however,  briefly  glance  at  some  of  the  mm  important 
ideas  which  hare  been  or  are  held  with  reference  to  it 

Rokitansky  wa?  one  of  tlie  first  to  appear  in  this  field  of  Jiti^ra- 
ture.  He,  in  accordant e  with  the  cell  theory  of  Schwann  (that  is, 
the  free  cell  fonnation  doctrine),  assumed  that  the  pns  corpuscles  wt^re 
formed  in  the  exudation  which  played  the  part  of  the  blastema.  These 
ideas  prevailed  frf^nerally  until  1855,  when  Virehow  was  led,  from  liis 
knowledge  of  the  connective  tirsue  roquiscle,  to  dispute  tlie  free  cell 
formntion,  and  to  apply  the  law  Oirmis  rellnla  e  celhtid  "  to  patholo- 
gi<  ai  new  formations.  Virehow  held  that  tiie  pus  cell  was  the  direct 
derivative  of  the  connective  tissue  corpuscle,  because,  wherever  he  found 
pus  lio  also  found  connective  tissue  in  some  of  its  forms  ;  and  since  he 
was  obliged  from  his  views  to  have  some  cell  as  the  parent  o£  the  pus 
cell,  he  took  the  connective  tissue  corpuscle. 

Strieker  appears  as  the  latest,  and  certainly  the  ablest,  defender  of 
these  views,  though  they  have  undergone  essential  modifications  at  his 
hands.  He  says  that  the  cells  of  a  tissue,  when  inflamed,  return  to  their 
former  undifferentiated  embryonic  condition,  become  amoeboid,  and 
possess  the  power  of  dividing  indefinitely.  This  property  holds  good  for 
all  tissues  equally ;  no  matter  whether  mnsdei  ghmd,  or  ganglion  cell, 
they  aU  can  undergo  this  change  and  become  couTerted  into  pus.  He 
holds  also  that,  when  the  cells  ivtnm  to  the  embryonic  condition,  they 
again  became  capable  of  diff^erentiation,  and  that  blood  veisels,  and  even 
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blood  ooipusclesy  are  formed  in  an  inflamed  part  in  the  same  manner  as 
in  the  embryo.  Against  these  views  we  have  what  is  known  as  the 
wandering  cell "  theoiy,  which  assumes  iliat  the  pns  cells  are  white 
blood  corpuscles  which  have  escaped  from  the  vessels.  Waller  had,  as 
early  as  1848^,  observed  the  passage  of  the  white  corpasdes  through  the 
walls  of  the  vessels.  At  that  time  his  observations  attracted  but  little 
attenti<m,  and  were  generally  distrosted.  Cohnheim  in  1868'  firmly 
established  tiie  &ct  that  the  white  corpnsdes  did  pass  through  the  vas- 
colar  walls,  and,  as  the  result  of  his  study  of  the  inflammatory  processes 
in  the  ^g's  oomea,  tongue,  and  mesentery,  asserted  that  the  pus  cells 
are  white  blood  corpuscles. 

From  his  study  of  keratitis,  principally  induced  by  cauterizing  the 
centre  of  the  frog's  cornea  with  silver  nitrate,  he  found  tihat,  however 
great  the  number  of  pus  cells  in  the  inflamed  tissue  miglit  be,  the  fixed 
corneal  corpuscles  wiih  their  processes  were  unchanged  ;  that  the  nuclei 
of  the  corneal  corpuscles  did  not  increape  ;  that  the  clouding  of  the 
coruea  always  began  at  the  peripliei y  and  liom  there  advanced  to  the 
centre  ;  that  after  the  injection  of  pigment  crranali  >  into  the  blood  some 
of  the  pus  cells  in  the  cornea  were  found  with  similar  granules  in  their 
bodies.  From  tliese  four  circumstance.*:,  supported  by  the  direct  know- 
ledge that  tli<  M  Into  corpuscles  in  inflannnaiion  did  escape  through  the 
vessels  in  lar;«,e  numbers,  he  concluded  that  the  pns  corpuscles  were  not 
derived  from  tlie  fixed  cells  of  the  cornea,  but  had  wandered  in  from 
without.  Strieker,  as  the  result  of  observations  made  on  the  frog's 
cornea  and  on  the  cornea  of  the  cat,  asserts  that  the  three  first  argu- 
ments are  based  upon  imperfect  observations,  and  that  the  conclusion 
formed  from  the  fourth  is  illegitimate.  According  to  Strieker,  the 
fixed  corpuscles  do  undergo  change,  their  nuclei  increase,  and  the 
donding  always  begins  where  the  injury  was  inflicted.  With  regard  to 
the  presence  of  pigment4>earing  pus  cells  in  the  inflamed  cornea  after 
the  previous  injection  of  pigment  into  the  blood,  he  thinks  the  granules 
could  have  passed  through  the  walls  of  the  vessels  as  easily  as  the  blood 
corpuscles  and  have  been  carried  by  the  lymph  streams  into  the  cornea. 
There  they  could  easily  have  been  taken  up  by  pus  cells  which  were 
already  produced  by  multiplication  from  the  corneal  corpuscles. 

Here  I  may  remark  that  the  passage  of  solid  dead  particles  through 
the  walls  of  a  blood  .yessel  without  being  earried  through  by  the  white  blood 

»  Phil.  Mag.,  Vol  'xjux. 

■  Virchow's  Bd,  xi.. 
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corpuscles^  easily  as  Strieker  thinks  it  could  happen,  has  up  to  this 
time  been  seen  and  described  by  no  one.  That  Cohnheim's  descrip- 
tion does  not  bold  good  for  all  cases  of  induced  keratitis,  even  on  the 
£pog*8  cornea,  is  certain  ;  bnt  the  difierences  can  be  easily  reconciled. 
Strieker  bases  nearly  all  bis  views  of  inflammation  and  of  inflammatoiy 
new  formations  on  bis  stody  of  keratitis.  I  sball,  I  tbink,  be  able  to  sbow 
in  this  paper  ibat  these  views,  certainly  as  far  as  keratitis  is  concerned, 
are  enoneons,  and  may  possibly  be  dne,  even  in  his  case,  to  iiAperfect 
observations. 

I  can  only  excose  my  temerity  in  entering  upon  a  field  of  research  in 
which  BO  many  and  distinguished  investigators  have  laboured,  by  the 
&ct  when  endeavouring  to  satisfy  myself  of  the  correctness  of 
Strieker's  views  on  the  subject,  I  obtained,  after  nearly  a  year's  steady 
work,  results  whirh  lead  to  conclusions  utterly  at  variance  with  his,  but 
which  I  think  go  lar  towards  clearin;L(  up  some  of  thostj  points  in  the 
pathology  of  keratitis  over  which  there  has  \m^n  most  contention. 

The  corneas  of  the  frog  and  of  the  cat  have  hcon  principally  used  in 
my  investigations  ;  the  latter  animal  heing  chosen  fur  stndv  ing  the  pro- 
cesses in  the  m  iDnnal  from  the  advantages  its  cornea  otiers  over  many 
others  for  invf-stigation,  especially  in  the  readiness  with  which  it  can 
be  split  into  laytTS. 

The  structure  of  the  normal  cornea  has  been  thorouo;hiy  investigated 
by  various  observers  in  recent  years.  We  know  that  its  proper  tissue 
is  lamellated,  and  consists  of  flattened  branched  cells  embedded  in  inter- 
commnnicating  centres  (the  serous  canaliculi)  hollowed  out  in  an  inteiv 
oellalar  fibrillated  ground  substance,  which  makes  up  the  larger  portion 
of  the  corneal  mass ;  that  the  tissue  is  well  supplied  with  nerves  arranged 
in  plexuses  which  become  finer  towards  the  conjunctival  surface ;  that 
with  bsmatozylin  or  gold  the  cells  stain  and  are  seen  to  communicate 
by  &eir  brancdies ;  and  that  with  silver  nitrate  the  ground  substance 
is  tinted,  while  the  cells  and  cell  spaces  are  left  unstained.  Hasnut- 
toijlin  also  stains  the  nerves,  while  with  silver  preparations  the  lymph 
dumnels  in  which  the  larger  ones  run  are  seen  as  colouriess  lines. 

We  also  find,  even  in  the  normal  cornea,  another  set  of  cells,  which 
cannot  be  considered  a  part  of  its  fixed  histological  elements.  Their 
numbere  are  variable ;  in  some  corneas  very  abundant,  in  others  few :  in 
animals  of  the  same  species  sometimes  they  are  found  in  greater  numbers 
at  one  portion  of  the  tissue,  sometimes  at  another.  In  fresh  preparations 
they  can  be  seen  to  pass  by  active  amoeboid  movements  from  one  place 
to  another,  and  they  never,  so  far  as  we  can  see,  stand  in  any  fixed  hiit- 
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tological  relation  to  the  other  elements  of  the  tisane;  these  are  the  *'  wan- 
rlerincr  colls."  Their  position  is  not  at  all  constant;  sometimes  we  find 
them  lying  in  the  cell  space  along  with  the  branched  corpuscles,  sometimes 
in  the^  narrow  communication  between  two  spaces,  sometimes  aa  loDg 
drawn  oat  rods  in  the  tissue  between  the  fibres  (6,  Fig.  1,  Fl.  IV.))  some- 
times in  the  nerve  Ijrmph  channels,  and  in*  one  prepaliation  I  have  been  so 
fortnnate  as  to  get  one  seemingly  in  the  act  of  passing  from  the  nerve 
channef  into  a  cell  spaee  communicating  with  this,  half  of  its  body 
lying  in  the  channel  and  half  in  the  space.  They  can  be  clearly  dui- 
tingnished  from  the  branched  corpnsdes  both  in  the  fresh  condition  and 
when  stained ;  tiiey  are  much  smaller,  and  with  the  nsoal  reagents  they 
stain  more  brilliantly  than  the  others.  In  fresh  preparations  in  aqneons 
hnmonr  tbey  are  easily  recognized  by  their  amosboid  movements,  their 
greater  index  of  refrsction,  and  their  granular  contents. 

So  mnch  for  the  normal  cornea.  We  will  now  take  np  the  patho- 
logical changes  which  occar  after  an  acute  keratitis  has  been  induced, 
oommencing  with  those  seen  in  the  frog's  cornea. 

I  haye  employed  Tarsous  means  for  exciting  inflammation  here  The 
passiug  of  a  thread  tiirottgfa  the  centre  of  the  cornea  and  bringing  it  out 
through  the  sclerotic,  the  application  of  various  caustics,  such  as  croton  oil, 
silver  nitrate,  caustic  potassa,  and  the  hot  iron  (actual  cautery).  With 
few  exceptions  they  produce  results  relative  to  the  severity  of  the  sti- 
mulus used.  Agents  such  as  the  hot  iron,  which  at  once  kill  the  tissues 
with  which  tbey  come  in  contact,  will,  of  course,  produco  less  inflammation 
in  surrounding  parts  than  those  like  the  thread,  wliose  action  is  more 
or  less  gradual.  A  method  which  I  have  used  on  the  frog's  cornea 
with  excellent  results  has  been  to  pass  a  thread  tlirough  the  membrana 
nictitans  and  then  make  several  pricks  in  the  cornea  with  a  needle.  The 
inflammation  produced  by  this  method  will  be  discussed  separately,  sihoe 
resalts  are  in  this  way  obtained  which  at  fint  seem  perplexing. 

As  one  of  the  most  typical,  I  will  take  a  cornea  which  has  been 
inflamed  by  touching  it  at  the  centre  with  a  crystal  of  silver  nitrate. 

This  may  be  examined  after  yarious  intervals  of  time  have  elapsed, 
both  in  the  fresh  condition  and  after  staining.  About  twenty  hoars 
from  the  application  of  the  caustic  the  most  important  changes  can  be 
seen.  To  examine  fresh,  it  is  necessary  to  puncture  the  sound  eye  and 
colleet  the  aqueous  humour  on  a  slide ;  the  inflamed  cornea  is  then  care- 
fully excised  and  spread  out  in  tins,  with  the  posterior  surface  uppermost. 


INFLAMMATORY  CHANGES  IN  CORNEA.  5 


To  avoid  folds  in  the  tissae  it  is  better  to  make  three  or  four  incijsiori!* 
at  the  edge,  extending  for  some  distiince  to\vards  the  centre,  before 
patting  on  the  cover  slip.  The  powers  I  have  found  most  satisfactory 
to  use  have  been  the  No.  2  immersion  of  Zeiss  and  the  £  of  bis 
dry  system  (J). 

The  first  thing  noticed  here  is  that  the  lar^e  branched  cells  are 
risible ;  in  the  normal  they  cannot  be  made  out  at  all  directly  after  the 
ooroea  is  cat  ont,  and  only  appear  after  an  interval  of  half  an  hour  to 
an  boor.  Tbaj  are  no  more  gianolar  than  in  the  nninflamed^  and  pre- 
sent no  changes  from  the  normal  an  hoar  after  the  excision  of  the  bitter. 
Wbj  tbey  become  at  once  visible  I  do  not  know ;  it  may  be  due  to 
some  change  in  the  refraction  of  the  ground  sabstanoe  caused  by  the 
greater  amount  of  fluid  now  in  the  tissue,  or  to  some  change  baying 
taken  place  in  the  coipuscles  and  only  rereaJing  itself  in  Ibis  way,  or 
to  both. 

Ibe  wandering  cells  are  present  in  vast  quantities,  exhibiting  the 
most  active -and  varied  movements;  while  in  ibe  normal  cornea,  as 
before  remarked,  we  only  occasionally  see  them.  Sinnetimes  one 
may  be  seen  to  send  out  a  long  process,  at  the  end  of  which  a  knob 

presently  appears,  which,  growing  larger  and  larger,  finally  becomes 
the  main  body  of  the  cell  :  as  though  in  this  way  it  had  passed  from 
one  space  to  another  through  a  narrow  cotnuiunieatiou.  Sometimes  wo 
see  them  as  more  or  less  irregular  bodies,  under^i^oing  changes  of  form 
and  not  of  jjosition  ;  afjain  as  the  long,  stafF-like  bodies  spoken  of  in 
the  normal  cornea.  They  are  present  in  the  greatest  numbers  at  the 
edge,  becoming  fewer  as  proceed  to  the  centre.  Since  in  the  fresh 
specimens  onr  observations  must  be  made  on  the  whole  thickness  of 
the  cornea,  all  these  changes  become  much  more  clear  and  cua  much 
better  be  stndied  after  it  is  stained  and  split  uj). 

For  staining  I  always  nse  the  double  staining  in  silver  with  ha^ma- 
toxylin  or  carmine,  the  former  being  much  preferable  for  the  frog. 
The  coniea  is  exposed  by  pushing  the  eye  upward  from  the  roof  of  the 
month,  and  rubbed  smartly  with  the  solid  crystal  of  silver.  At  the 
«cpiiation  of  ten  minutes  it  is  cut  out,  and  exposed  in  glycerine  to  the 
action  of  diffused  daylight ;  when  it  becomes  of  a  light  brown  colour  it 
is  split  up  and  stained  in  one  of  the  two  roagent*?  mentioned.  With 
care  the  cornea  of  the  frog  can  easily  be  spilt  into  eight  or  nine  layer?. 
I  vastly  prefer  this  method  of  staining  to  the  gold  chloride  method| 
which  has  hitherto  been  almost  exclusively  used  in  these  investigations. 
It  has  the  great  advantage  of  being  alwnys  certain  in  its  results  ;  while 
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gold,  althoui^h  sometimes  /giving  us  beautiful  preparations,  is  the  most 
uiu  f  i-tain  of  rean;ents,  and  its  success  depends  for  the  most  part  on 
unknown  circumstances.  Another  great  advanta?»e  is  tliat  we  have 
both  the  negative  and  tbo  positive  picture  at  onco  ;  tlie  cell  space  shown 
with  the  cell  within,  and  the  relation  of  the  one  to  the  other  always  is 
kept  in  view.  The  preparations  ore  moauted  in  slightly  acidakted 
glycerine. 

In  preparations  of  the  twenty-hoar  cornea  examined  after  this 
treatment  we  can  easily  make  out  three  distinct  parts  : — central  one, 
on  which  the  caustic  was  applied,  and  which  is  now  represented  by  a 
black  BOUT,  in  which  the  cell  spaces  are  imperfectly  seen.  Around  this 
is  a  zone  of  variable  width,  in  wbiob  absolately  no  change  fnmi  the 
nonqal  can  be  made  out ;  here  we  see  the  sbatply-defined  cell  space, 
wiih  the  nndens,  or,  in  deeper  staining,  the  body  of  the  cell  within. 
The  width  of  ihis  zone  is  dependent  on  the  extent  of  the  injniy,  the 
length  of  time  which  has  elapsed  since  its  infliction,  and  on  the  general 
irritability  of  the  tissnes  of  the  animal  used.  Without  doubt,  from  the 
same  amount  of  irritation^  the  extent  of  the  patiiological  changes  in 
some  animals  of  the  same  species  is  diflerent  from  that  seen  in  others. 

This  zone  passes,  separated  by  no  well  defined  line,  into  the  outer- 
most one.  In  this,  along  wiili  ihe  corneal  corpuscles,  other  elements  can 
be  seen  in  numbers  far  in  excess  of  the  branched  cells  and  always  in  the 
greatest  quantity  at  the  onter  edge.  These  other  elements  stain  in  all 
respects  similarly  to,  and  are  always  of  the  same  size  as,  the  wandering  cells 
previously  descributl  in  the  normal  cornea.  They  can  always  be  distin- 
guished iVom  the  bmnched  cell,  even  when  lying  in  the  same  eel!  space 
with  it.  In  one  pla('»?  we  see  the  nerve  channel  tilled  with  tin m,  in 
another  we  see  them  lying  in  the  tissue  between  the  fibres,  and  elongated 
until  they  have  the  appearance  of  rods.  Again  we  see  them  in  the  cell 
spaces  or  in  the  narrow  interspace  between  two  cells  ;  their  form  always 
influenced  by  the  dimensionB  of  the  cavity  in  which  they  lie.  Often 
where  they  ai'e  most  numerous  in  the  tissue  the  branched  corpuscles 
cannot  be  made  out  at  all.  It  may  bo  that  these  ai-e  simply  concealed 
by  the  vast  numbers  of  the  others,  or  it  is  possible  that  the  fixed  cor- 
puscles have  then  been  absorbed  or  destroyed  by  the  young  and 
vigorous  strangers. 

In  no  case  do  we  see  in  the  corneal  corpuscles  proper,  any  indications 
which  would  lead  us  to  suppose  that  multiplication  had  occurred  or  was 
taking  place.  They  stain  with  reagents  as  did  the  normal,  and  the 
nucleus  always  has  the  same  slmpe  as  this,  except  in  instances  where  it 
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may  be  indented  by  pressure  from  a  wandering  cell  lying  in  the  same 
space,  as  representefl  at  a,  in  Fi;:;.  1,  taken  IVoni  the  normal  cornea,  if 
the  cornea  be  examined  at  an  earlier  period,  liay  twelve  hours  after  the 
injury,  these  \N  aiidcring  cells  wiD  be  confined  to  a  small  area  at  the  outer 
edge  ;  if  lator  than  twenty  hours,  forty,  for  example,  they  will  bo  found 
to  fill  almoi^t  tlic  entire  corneal  completely  oblitoiaiiug  the  unchanged 
zone  ill  some  eases. 

If  we  examine  the  surrounding  portions  of  the  sclerotic  and  conjnnc- 
tiva  we  find  the  blood  vessels  full  of  colUjuat  like  thesej  and  the  whole 
tissue  there  also  inhitrated  with  them. 

A  still  further  proof  that  these  wandering  cells  ODter  the  cornea  from 
without  is  furnished  by  the  result  of  the  injection  of  finely  divided 
oolooring  matter  into  the  blood,  according  to  the  method  of  Cohnheim, 
whose  (Bsalta  in  this  respect  I  can  completely  confirm. 

If  the  cornea  is  canterized  shortly  after  the  injection  of  cinnabar  Into 
a  lymph  sac  or  the  anterior  abdominal  vein  and  examined  after  the  usual 
time,  we  find  among  the  wandering  oells  a  great  many  in  wluch  pigment 
gnmnles  are  plainly  Tisible,  though  they  differ  in  no  oilier  respect  from 
the  others.  Sometimes  a  few  grannies  can  be  seen  in  the  tissue  not 
tndosed  in  the  cells.  These  may  be  acconnted  for  by  supposing  that  * 
they  were  here  dropped  by  the  wandering  cell  which  brought  them  from 
the  yessel.  Strieker  himself  says  that  he  and  Norris  have  seen  one 
wandering  cell  transfer  to  another  cell  of  the  same  natnre  some  of  t3ie 
▼ermillion  granules  contsined  in  its  substance.  Since  the  Termillion 
granule  can  in  nowise  contribute  to  the  nutrition  of  the  cell,  and  forms 
rather  a  heavy  load  to  bo  carried  round,  we  can  see  excellent  reasons 
why  the  cclLwould  be  willintc  to  throw  it  awav.  The  number  of  cells 
cuinaiiiing  these  granules  is  far  too  large  to  sujipose  they  could  have 
gotten  them  in  any  other  way  than  by  taking  them  up  in  the  blood 
vessels. 

The  inflannnation  produced  by  metliods  involving  a  laceration  of  the 
otjrneal  tissue  n^ives  some  results  differing  from  tliosc  last  described.  Here, 
as  in  the  last  case,  we  see  the  peripheral  portion  of  the  tissue  infiltrated 
with  waudf'riticr  cells  ;  but  we  see  them  also  el !»e where .  Around  the  spot 
where  the  injury  %Yas  infiieted  wo  see  cells  of  the  same  appearance  and 
otfering  the  same  variety  of  form  and  position  as  those  at  the  outside, 
and  here  narrowing  the  zone,  which  in  the  cauterized  corneas  we  have 
de^ribed  as  free  from  them,  very  materially.  Uow  came  these  cells 
here  ?  From  the  outer  edge  they  could  not  come,  for  we  have  lying 
between  this  and  the  centre  a  zone  which,  in  the  earlier  stages  of  the 


biyiiizua  by  Google 


s 


W,  COUNCILMAN, 


proo6M  certainty,  is  fi«e  from  them.  If  now  we  combine  bodi  methcda 
of  prodndng  tlie  inflammation,  and  having  canterixed  two  corneas  in  the 
centre,  we  make  a  prick  at  the  ontor  edge  of  iiie  canterized  spot  of  one, 
and  examine  the  two  after  the  usual  intenral  of  time,  we  shall  find  plenty 
of  wandering  cells  aroand  the  laceration  in  the  cornea  whose  tissue. waa 
punctured,  and  none  at  the  same  spot  in  the  other.  Only  one  conclusion 
is  possible  that  lliLy  ha.ve  entered  the  cornea  where  its  substance  was 
broken.  This  is  easily  comprehensible,  since  a  keratitis  can  scarcely  be 
produced  in  this  way  without  involving  at  the  same  time  an  extended 
conjunctivitis,  and  as  a  consequence  of  this  having  quantities  of  white 
blood  corpuscles  in  the  conjunctival  secretion.  From  this  souroe  they 
could  easily  enter  the  tissue  where  broken. 

The  n-- Lilts  obtained  after  passing  tlie  ligature  through  the  membrana 
nictitans  j  Mjint  clearly  to  this.  Here  a  violent  conjunctivitis  is  necessarily 
set  up;  many  blood  vessels  in  the  membrane  :\vo  ru])tured  and  plentv  of 
white  corpuscles  poured  out.  As  a  consequence,  in  these  prrpm  ations 
we  have  a  very  large  number  of  wandering  cells  at  the  point  where  the 
prick  was  made;  in  some  cases  they  are  so  plentilul  that  everything  else 
is  obscured.  After  the  injection  of  pigment  granules  these  wandering 
cells  also  contain  them.  No  change  is  seen  in  the  branched 
corpnsole  at  either  place. 

Proceeding  now  to  the  cat's  cornea,  we  meet  here,  even  in  the  normal 
state,  some  difference  from  that  of  the  frog.  The  corpuscles  (Fig.  2),  are 
•mailer,  are  more  numerous,  and  the  cell  spaces  communicate  by  larger 
passages  than  in  the  frog.  The  brightly-staining  wandering  cells  in  the 
nonnal  cornea  are  fewer  in  number  than  in  the  frog's  confta,  and  mostly 
found  in  the  cell  spaces.  Their  special  characteristics  will  be  described 
when  we  come  to  speak  of  the  patiiological  changes. 

As  a  means  of  exciting  Inflammation  I  have,  following  Strieker, 
used  the  solid  stidc  of  caustic  potassa,  and  found  it  vastiy  superior  to  any 
other  agent.  A  yonng  cat  Is  preferable  to  an  old  one,  from  t^j  fact  that 
the  cornea  of  the  former  is  much  more  easily  pUt  into  its  lamelln  than 
that  of  the  latter.  The  animal  is  first  etherized  and  the  cornea  touched 
with  the  caustic ;  particular  care  must  be  exercised  in  doing  this,  as  the 
potassa  melts  so  rapidly  on  contact  with  the  moist  surface  that  there  is 
great  danger  of  its  involving  too  great  an  extent  of  tissue.  To  avoid 
this  the  caustic  stick  must  be  pointed  (which  is  easily  efFected  by 
}u)I  ]ing  it  in  a  stream  of  water),  and  the  cornea  previously  carefully 
dried  with  filter  j«per.    By  varying  tlie  period  of  contact,  an  eschar 
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extending  only  a  few  lainellre  in  depth  or  one  involving  the  whole 
thickness  of  the  tissue  can  be  produced.  The  animal  is  then  left  in  quiet 
and  the  cornea  cut  oat  and  examined  after  periods  of  from  14  to  60 
honra.  The  «ilver  staining,  before  remoyai,  aod  the  after  staining,  ¥dth 
carmine^  are  tued.  If  we  examine  such  a  cornea,  say  40  hours  after 
cauterization,  and  as  yet  unstained  by  carmine,  the  cbanges  found  can 
be  divided  into  two  heads.  Of  these  the  firat  will  comprise  the  changes 
around  the  outer  corneal  edge,  and  the  second  those  in  the  immediate 
neighbourhood  of  the  eschar.  In  the  first  we  find  the  cell  spaces  some- 
what larger  and  the  commonications  between  them  wider  than  in  the 
normal  cornea.  Scattered  about  throngh  the  tissae  we  find  the  strongly 
reiraciing  rod-like  cells,  appearing  veiy  similar  to  those  we  have  seen 
in  the  frog.  If  the  silrer  staining  has  been  very  deep  we  find  the  silver 
precipitated  in  the  substance  of  the  corneal  corpuscle  as  well  as  in 
the  ground  substance,  leaving  a  clear  unstained  nucleus  in  evexy 
space. 

In  the  immediate  neighbourhood  of  the  eschar  the  change  is  more 
pronounoed,  and  different  from  anything  we  have  hitherto  seen.  These 
changes  are  all  the  more  important  to  ns,  since  it  is  here  that  Strieker 

says  the  corneal  corpuscles  are  undergoing  the  most  rapid  proliferation. 
In  the  silver  j)rejjanitions  we  see,  lying  in  the  coloured  ground,  groups 
of  small  white  sj)aces  with  dark  brown  lines  separating  them  from  one 
another  (Fi;^.  4)  ;  these  groups  correspond  in  shape  to  enlarged  cell 
spaces.  Strieker  seems  to  have  confined  his  obsersations  to  this  spot, 
and  explains  the  picture  by  supposing  the  corneal  corpuscle  has  here 
broken  up  into  a  number  of  smaller  cells,  and  that  the  brown  lines  mark 
off  the  new  cell  limits. 

Let  us  now  see  what  the  carmine  staining  shows  in  tlie  two  parts. 
In  the  outer  ring  we  have  (Fig.  3)  in  each  of  the  slightly  enlarged  cell 
spaces  the  large  oval  nucleus  of  the  branch  cell  totally  unchanged,  and 
staining  in  all  respects  like  the  normal.  In  rare  cases  we  find  (as  is 
also  the  case  with  the  normal)  two  of  these  nuclei  in  a  space.  In 
addition  to  these  there  are  other  cells,  which,  from  their  characteristic 
appearance,  merit  a  mqre  detailed  description.  These  have  a  differ- 
ence in  shape  according  to  whether  they  are  found  in  the  cell  spaces 
and  nerve  channels,  or  in  the  proper  corneal  substance,  there  lying 
between  the  fibres.  In  the  former  they  are  round,  with  a  brightly* 
stained  granular  nucleus  of  the  shape  of  a  horseshoe,  and  correspond 
to  the  wandering  cells  in  the  normal  cornea.  Xlnder  high  powers 
(800 —  1-OOOx)  the  apparently  single  nucleus  is  usually  found  to  bo 
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composed  of  three  or  fonr  small  bodies  lying  in  joxtaposition,  the 
mass  being  always  arranged  in  the  shape  of  a  horseshoe. 

When  lying  id  the  tissae  between  the  fibres  they  are  elongated, 
and  then  appear  as  jointed  rpds,  each  joint  having  tiie  highly-stained 
grannlar  nucleus.  At  first  sight  these  rod-Hke  bodies  would  seem  to 
be  entirely  different  from  the  round  cells  in  the  spaces  ;  but,  on  closer 
inspection,  at  ditft  rent  places  every  variation  can  here  be  seen,  from  the 
8li<;lit]y  elongated  cell  with  u  horseshoe  nucleus  to  the  long  rod-like  cell. 
If  we  now  stain  some  of  the  hlood  of  the  cat,  we  hnd  thai  the  white 
hlood  cells  liave  a  nucleus  of  this  horseshoe  shape  and  stain  in  all  respects 
like  these  wandering  cells. 

Proceeding  now  from  the  corneal  edge  towarfb  the  eschar,  we  come 
to  a  region  where  the  corneal  corpuscles  are  wanting,  passing  on  the  way 
through  a  district  where  they  have  taken  on  changes  which  will  occupy 
our  attention  presently.  Beyond  this  line,  which  can  be  seen  hy  even  a 
simple  lens,  the  corneal  corpuscles  are  dead — have  been  destroyed  by 
the  caustic.  The  cell  spaces  can  be  seen,  most  of  them  much  shrunken, 
but  no  nucleus  in  them,  or  anjrthing  which  would  afford  us  proof  of  the 
presence  of  a  corneal  corpuscle.  Lying  in  these  cell  spaces,  but  still 
more  in  the  tissue  between  them,  are  seen  moltitades  of  cells  before 
described,  at  the  scleral  edge.  These  cells  become  more  numerous  as  we 
proceed,  until  we  roach  a  territory  where  the  cell  spaces  are  filled  with 
them  (Fig.  h).  The  spaces  here  are  enlarged,  and  the  communications 
between  neighbouring  ones  are  wider ;  spaces  and  communications  are 
all  foil,  and  no  one  comparing  these  cells  with  those  at  the  enter  (t.#., 
the  scleral)  edge  can  donbt  for  a  moment  that  iJiey  are  similar. 

Beyond  this  line  of  general  infiltration  the  tissue  is  totally  destroyed. 
By  this  I  mean  that  not  only  its  living  protoplasm  is  killed,  bnt  its 
physical  properties  are  also  altered.  Kotiitng  of  the  cell  spaces  can  be 
seen,  and  apparently  the  wandering  cells  can  make  tiieir  way  no  further. 
At  the  point  of  general  infiltration  the  tissue  sloughs. 

In  corneas  examined  10  to  14  hours  after  cauterization  this  district  of 
general  infiltration  is  wanting ;  no  wandering  cells  are  seen  there.  In 
the  other  district,  however,  that  around  the  onter  corneal  edge,  the  wan- 
dcrin/I  cells  arc  numerous  ;  sometimes  so  many  will  be  seen  that  the 
faintly-.«>iained  nucleus  of  the  branched  cell  is  entirely  obscured,  the  wan- 
dering cells  tilling  up  the  space.  From  this  edge  they  become  fewer  and 
fewer  as  we  proceed  towards  fho  centre.  The  line  of  corneal  corpuscles 
marking  off  the  portion  of  the  cornea  in  which  the  corneal  corpuscles 
were  destroyed  by  the  caustic  from  that  portion  of  the  cornea  where  the 
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corpuscles  were  miinj-inMl^  is  not  now  so  well  sc'on,  as  these  corpuscles 
have  as  yet  taken  on  no  cii;ui;;e  hy  wliicli  we  ciin  (li-tin;^ni«5h  them.  We 
readilv  fspc.  however,  even  here,  where  ihe  living  tissue  ends.  Now  it  is 
l>*:>yon(l  this  line  that  we  ^irct  from  the  silver  jireparations  of  a  huer 
[>erio<l  of  inflammation  the  appearance  as  though  the  corneal  corpuscles 
had  proliferated.  Here  were  the  colourless  areas  suhdivided  by  brown 
lines.  From  this  place  Strieker's  drawing  was  made,  and  here  he^ 
judging  merely  from  silver  staining  of  corneas,  taken  alwa^'s  at  a  fixed 
time  after  the  cauterization,  supposed  the  proliferation  to  have  been  most 
rapid.  Further  exaniinatioa  by  hetter  methods,  and  at  different  periods, 
tifrer  caaterization,  shows  us  that  there  is  here  nothing  to  proliferate. 
The  tissoe  is  as  bare  of  living  corneal  corpus(;les  as  a  sheet  of  paper.  In 
48-hour  pr^fiamtions  the  lin(>  of  demarcation  is  more  evident  and  the 
tissue  beyond  more  infiltrated  with  cells  than  in  the  40-hour  preparatioiu. 
In  aii  the  portion  first  described,  that  along  the  edge  of  the  sclera,  no 
change  can  be  seen  in  the  nuclei  of  the  l)ranched  cells.  In  corneas 
examined  60  to  80  hours  after  caaterization,  that  portion  of  the  tissue 
sorronnded  by  ihe  infiltration  is  converted  into  a  slongh^  which  easily 
comes  away,  and  the  peripheral  portions,  the  district  around  the  sclera, 
still  contain  wandering  cells. 

In  the  corneal  corpuscles  which  form  the  line  ontside  the  zone  of 
infiltiation,  and  which  indicate  the  separation  of  the  dead  from  the 
living  proper  corneal  tissoe,  we  find  changes  as  early  as  twenty  honrs 
after  caaterisation.  These  changes  are  at  this  period  only  shown  by  a 
brighter  staining ;  ihe  whole  substance  of  the  cell  here  stains  and  else- 
where only  die  nucleus.  At  a  later  period  (30  to  40  hours)  ihe  nuelel 
can  be  seen  in  different  stages  of  division,  and  at  the  same  time  loi^g 
processes  are  sent  out  from  the  cells  into  the  dead  tissue.  These 
processes  become  longer  (  Fi<i;.  0),  nuclei  pass  from  the  old  coll  up  into 
them,  and  thus  they  form  in  the  dead  tissue  new  corneal  corpuscles, 
but  never  pus.  These  processes  ajid  new  cells  st^iin  in  all  respects  like 
parent  cell  from  which  they  originated,  and  the  nuclei  have  the  same 
shape  as  in  the  old  cells,  though  they  stain  more  brightly,  and  are  more 
granular. 

The  appearance  of  a  segment  of  the  cornea  taken  three  or  four  days 
after  injury,  in  which  the  branched  corneal  corjiuscles  are  undergoing 
this  proliferation,  is  most  beautiful.  The  nuclei  of  the  new  corpuscles 
divide  rapidly,  and  in  some  as  many  as  four  can  be  seen.  I^ven  if  the 
whole  cornea  is  destroyed  with  the  exception  of  a  small  strip  along  the 
cater  edge,  the  corpuscles  limiting  this  take  on  this  renewed  activity. 
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The  difference  between  these  two  processes — the  suppurative,  on 
the  one  hand,  in  which  the  wandering  pells  are  the  agents, 
and  the  regenerative,  on  the  other,  by  w^hich  new  corneal 
corp!i-'"1e«  nro.  produced  from  corneal  corpuscles— ia  so  clear 
that  no  one  beeing  them  side  by  side  could  mistuke  them.  In  no  tissue 
in  the  body  can  the  processes  of  repair  be  so  clenrly  stnflipd  as  in  the 
cornea  ;  and  in  no  other  tissue  can  tlio  wandering  cell  theory  as  to 
the  origin  of  pus  corpuscles  be  so  clearly  proven  to  be  correct. 


DESCBIPnON  OF  THE  IIGUBES.  PL.  IV. 

Fig.  1.— Normal  ooruea  of  frogf  stained  with  htematuxylm.  Two  of  the  branched 
Mni«Bl  oonpoMilaa  an  shown  vitli  •  waodering  cell,  a,  lying  in  €b»  odl  ■piM  wifh  one  of 
fhem.  b  b  represent  two  <ti  tlM  wandering  oells  in  Uie  aalMtanoe  of  tiia  oonuMi ;  tlMe  haiw 
takan  the  akngated  form. 

Fig.  2. — Normal  cornea  of  a  cat,  stained  with  silver  and  carmine.  The  ground  aub- 
■tanoe  is  stained  brown  with  the  aUnVt  lisaving  the  oeU  spaoea  unstained.  In  these  are 
seen  the  nnclei  of  the  branched  oellsstaiaed  with  oannine.  h  by  two  wandering  oells  in  the 
cell  spaoea. 

Fig.  3.— Scleral  edge  of  cat's  oomea  fourteen  hours  af tar  central  iuflammadon.  '^iie 
wnndering  eells,  H,m  inoreaaed  in  nmnlMr,  and  fhe  eomnnnieationa  beiween  the  ^noea 
an  laiger  tiian  in  No.  2.  Bilker  and  oamdne. 

Fig.  i. — Area  of  general  infiltration  forty  hours  after  central  inflammation.  The  oeU 
wptmB  are  graatly  enlarged,  and  broken  np  into  amall  anaa  1^  1ib»  Iwown  aQvnr  liaea. 
The  ground  aobataaoe  is  rednoad  In  cmoiint^  in  some  plnoea  tapteeented  onlj  aa  anudl 
fflfinflt 

Fig.  5. — Innermost  limit  of  area  of  general  infiltration.  Here,  as  in  No.  4,  the  <%U 
•paoea  an  gnhify  enlarged,  and  divided  into  amaU  anaa,  in  eadi  of  wUeb  tho  brighffy* 
stained  horseshoe  nucleus  is  aan.  Vknok  tUa  point  to  the  oentn  no  odfailMr  domanta  an 
found.   Silver  and  oannine* 

Yig,  6. — Two  corneal  corpuocles,  which  have  token  on  regeneratiTe  diaages.  The 
nndei  have  increased  in  nnmber,  and  long  prooeaaea  wbioh  ars  nmoh  braadbnd  have 
gvown  out  from  the  parant  oelL 
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SOME  FURTHER  OBSERVATIONS  ON  HEAT-DTSPNCEA. 

Bt  GHBI8TIAK  SIHLER,  K.D.,  As$i$Umt     ik$  Biological 

Lahoratoi'y,  Johfis  Hopkins  UnwersUy,  Baliitmret  Md^  ITJS.A, 

Lr  an  srtiole  pnbliabed  in  Vol.  II.,  No.  3,  of  Uiis  Journal,  on  io-callad 
lieat-dji^noea,  I  showed  that  the  increaae  in  the  nomber  of  respirations 
which  an  animal  presents  when  exposed  to  a  warm  atmosphere,  and 
whfle  its  tempemtore  went  up,  was  principally  due  to  periphefal 
influences ;  hut  I  further  stated  that  the  heated  blood  might  also  act 
directlj  on  the  centres  in  the  medulla,  though,  if  so,  producing  less 
efiect  than  the  peripheral  stunulL 

In  the  following  short  communication,  I  propose  to  give  iiurther 
support  to  the  first  statenmt,  and  discuss  the  second  as  well  as  another 
which  I  toudied  in  the  published  essajr,  namelj,  the  action  on  the 
meduDft  of  higher  temperatures  than  those  used  in  my  former  investi- 
gations. 

I  feel  the  more  inclined  to  add  farther  proofs  to  support  the  con- 
clusions which  I  reached,  m  views  contradictory  to  them  and  bused  on 
Goldstein's  experiments,  which  I  huvu  shown  to  be  imperfect  and 
inconchisive,  are  taught  in  several  t^xt  books  of  Physiology,  and 
are  paining  ground  in  the  medical  profession. 

Foster  says,  on  page  377,  3rd  Edition:  "If  the  blood  in  the 
carotid  artery  in  an  animal  be  wai  in  '  1  altovo  the  normal,  dyspaoea 
is  at  once  produced.    The  OTer-warm  blood  huiiies  on  the  actirity 
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of  tlie  nerve  cells  of  the  respiratory  centre,  po  that  the  normal  supply 
is  insufficient  for  their  needs.  Tlie  condition  of  the  blood  then  affects 
respiration  by  acting  directly  on  the  respiratory  centre  itself." 

Fick  says,  on  page  2t)6  of  his  Physiology,  2nd  Edition  :  "If  an 
animal  is  artificially  heated  several  degrees  above  its  normal  tempera- 
ture, the  respirations  become  deeper  and  very  much  more  frequent,  even 
if  the  quality  of  the  blood  is  in  nowise  changed ;  yes,  even  when  by  ener- 
getic artificial  inflations  arterialisation  of  the  blood  is  insured  ;  indeed, 
it  is  quite  impossible  in  an  animal  thns  snper^heated  to  produce  the  state 
of  apnoea.  That  reflex  influences  do  not  come  into  play  here — €*g*,  from 
the  heated  skin — can  easily  be  proven  by  the  following  experiment. 
Bj  application  of  the  proper  apparatus  one  can  succeed  in  heating 
nothing  but  the  blood  flowing  in  the  carotid  arteries.  As  soon  as  that 
takes  place  the  frequency  of  the  respirations  rises  just  in  the  same  way 
as  if  tiie  whole  animal  had  been  heated.  From  that  one  must  conclude, 
that  it  is  the  increase  of  the  temperature  in  the  respiratory  centre  itself 
which  increases  the  irritability,  and  at  the  same  time  diminishes  the 
resistance,  so  that  the  exciting  agent  produces  in  the  same  unit  of  tame 
deeper  and  more  frequent  respirations.** 

In  an  article  on  Progressive  Pernicious  Anaemia,  by  Herbert 
Jones,  published  in  the  PraeUlianerf  February,  18S0,  we  read  this: 
'  Heat  is  also  a  stimulant  to  the  respiratory  centre  in  the  medulla 
oblongata,  by  which  the  movements  of  respiratioa  aie  regulated,  and 
as 'Fick  and  Goldstein  have  shown,  when  warm  blood  is  supplied 
to  this  centre  <]ie  respiratory  movements  become  quicker  and  deeper 
until  marked  dyspnoea  takes  place,  although  the  blood  which  is  cirou- 
latiug  in  the  rest  of  the  bo  ly  still  retair  s  its  normal  temperature." 

I  let  Exp.  1,  see  Table  I.,  precetle  the  remarks  which  I  wish  next  to 
make.  The  observation  it  records,  like  the  rest  of  mv  experiiiu  nii;,  was 
carried  out  on  a  dog.  TTie  temperatures,  during  my  observation,  were 
taken  in  the  rectum  or  va;Lcina. 

I  had  various  reasons  for  undertaking  this  experiment.  In  the  former 
investigation  I  had  found  that  one  anjinal  might  breathe  200  to  300  times  a 
minute  without  its  temperature  going  up,  and  vice  versd,  the  temperature 
of  another  animal  might  go  up  several  degrees  while  ilie  respirations 
went  up  from  2  G  to  62  per  minute  only,  the  cord  in  the  latter  being 
divided  in  the  lower  cervical  region. 
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Table  X. 


Time. 


u 

§1 


1 

10.05 

24 

88-9 

28 

2 

40 

41 

8 

48 

44 

88-9 

88 

4 

53 

42 

38-0 

120 

6 

58 

41 

88-9 

132 

6 

11.05 

44 

39 

200 

7 

10 

46 

39 

204 

8 

17 

48 

89 

268 

8 

20 

48 

39- 1 

280 

10 

29 

49 

30-1 

280 

11 

85 

891 

12 

40 

50 

» 

13 

45 

14 

55 

80-1 

216 

15 

12.30 

38-9 

37 

18 

42 

889 

80 

17 

44 

18 

1.00 

89 

86 

19 

1.01 

VO 

21 

11 

87 

89 

240 

22 

15 

38 

89 

28 

20 

37 

39-1 

228 

24 

25 

38 

39-2 

310 

25 

30 

89-8 

26 

31 

27 

84 

89-8 

280 

28 

8.16 

29 

4.27 

50 

37-6 

18 

30 

5.10 

58 

37-8 

18 

81 

25 

49 

38 

20 

82 

80 

88 

47 

60 

88-5 

18 

84 

57 

60 

38-9 

22 

85 

6.21 

.  89*5 

1 

84 

Wednesday. 

Tracheotomized. 

Head  only  in  apparatus,  breathing  wanuair 


Panting. 

Artificial  respiration  for  2  minutes  with  cool 
air,  apncea  for  i  miaute  }  shallow  respira* 
tion  for  1  minnte ;  ont  of  aptmmtng. 

Artif.  reap,  for  2  min. ;  no  apneas. 


Artificial  respiration  ;  apncaa  of  miniifta. 
Placed  in  apparatoa  ;  head  free. 

Artif.  respiration  for  2  minntea ;  no  apncea. 

Panting. 

Artif.  respiration  for  2  minutes  ;  no  apncea. 
Taken  oat  of  apparatus. 

Cord  cat. 

Placed  in  appantoi ;  head  and  anna  free. 
Artif.  respiration ;  apncea  of  over  1  nunnte. 
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39-5 

az 

SB 

39-7 

Sfi 

ID 

2£ 

40-1 

9^ 
2ii 
10-80 

4il  ! 
5il  I  i2 


en 

53 


SI 

41:1 


2J 


15 
TOO 


42:5  I 
I 


Wednksdat. 
Artificial  respiration  ;  apncBa  of  j  minute. 

Artif.  reap,  for  2  min. ;  apnoea  over  I  min. 

Thursday. 

Artif  reap,  of  2  min.  ;  apnoea  of  \  \  min. 
Placed  in  apparatus. 

Artificial  respiration  ;  apnoea  of  \  minnte. 

Artificial  respiration  ;  apnoea  of  \  minnte. 
Begins  to  pant. 

Artificial  respiration  ;  no  apnoea. 


Those  facts  being  brought  out  on  different  animals,  one  object 
here  was  to  try  one  and  the  same  animal.  That  is,  to  take  account 
of  increased  temperature,  if  there  was  any,  and  increased  number  of 
respirations  before  the  cord  was  cut  and  after  the  cord  was  cut  in 
the  same  dog.  It  will  be  seen  that  the  present  results  agree  with 
the  former  conclusions.  The  same  dog  is  made  to  breathe  2^  times 
a  minute  (Obs.  21}  while  having  a  temperature  of  32  (38*9  had  been 
the  temperature  of  the  dog  when  the  experiment  began).  When 
we  look,  however,  for  the  respiratory  rate  at  the  temperature  of  39, 
after  the  dog*s  cord  had  been  divided,  we  find  it  (Obs.  34)  22*  And 
if  the  objection  were  to  be  made  that  the  dog  was  unable  to  breathe 
rapidly  on  account  of  the  section  of  the  cord,  by  looking  towards  the 


end  of  the  table  it  will  be  found  that  tbix  i.s  not  tbo  roiisoii,  for  tbe  dug 
can  make  a.-,  many  as  loG  respirations  in  a  niinnto. 

Wo  see,  tbcn,  that  in  tbe  same  dog,  wben  exposal  to  warm  air  acting 
on  a  lartr(>  surface,  connected  bv  nflPerent  nerve  paths  witb  tbe  meduIlM, 
tbo  respiralious  ma}'  (*o  up  enormously  without  tlie  animal's  temperature 
rising  ;  and,  on  the  other  baud,  the  rf  spirations  may  go  up  less  than 
25  per  cent.,  while  the  temperature  iiiereascs  ovpr  one  degree  Celsius  ; 
in  this  latter  case  the  greater  part  of  tbe  skin  being  thrown  out  of 
nervous  connection  witb  tbe  medulla  by  previous  section  of  tbo  cord. 

It  will  farther  be  observed,  by  gkmcing  over  tbe  table,  that  artificial 
FeBpiration  was  carried  on  several  times.  Some  of  these  produced 
apnoea,  others  did  not.  At  12.44  (Obs.  17),  while  the  animal  was  at 
38"9°,  and  not  in  the  warming  apparatus,  apnoea  of  1^  min.  was  j)ro- 
daced.  At  1.15  (Obs.  22),  while  tbe  animal  was  at  39^,  t.«.,  only  0*1** 
higher  than  before  (practically  not  higher  at  all),  the  same  amount  of 
Inflation  was  not  successfal.  That  the  0*1°  of  temperature  was  not  die 
cause  for  this  condition  is  shown  further  on.  When  the  cord  had  been  ont 
apnooa  was  snccessfollj  produced,  although  the  temperature  of  the  animal 
had:  risen  not  0*1**,  but  Again,  when  finallj  (Obs.  47)  the  tempem<- 
tnre  had  reached  42*5,  and  the  respirations  150,  the  efforts  at  producing 
apncea  were  again  fruitless.  It  is  dear  from  this  that  it  is  not  the 
temperature  of  the  blood  i)er  u  which  makes  apnoea  impossible.  We  see 
apnoea  may  be  possible  both  at  normal  and  at  elevated  temperatures  $  it 
may  also  be  impossible  both  at  normal  and  at  elevated  temperatures;  the 
reason  of  the  difference  being  that  the  dog  cannot  be  made  apnoeic  if  he 
pants  vigorously.  Of  course  there  is  allmit  when  artificial  respiration  will 
at  limes  be  successful  and  at  times  not :  just  when  the  respiration  begins  to 
grow  raj)id  and  take  on  the  chanicter  of  panting,  as  is  shown  in  Table  II., 
when  the  dog  liad  the  heatl  only  in  the  apjuiratus.  Here,  then,  we  havt} 
auutluT  .''Ujiport  lur  our  conclusions.  In  the  last  paper  it  was  sliown 
that  it  wa:?  not  the  heat  acting  on  the  centres  which  produces  this  con- 
dition of  the  animal,  in  which  it  cannot  he  made  apna3ic.  The  present 
observations  show  tbo  otIi<»r  side  of  the  same  fact,  and  make  it  evident 
that  periyjheral  iutiiit'iice.'i,  due  to  exposure  of  the  skin  only,  may  ho  so 
strong  that  they  do  not  allow  the  centre  to  come  to  re>t,  aithougli  tliere 
is  no  venosity  of  the  hlood  to  act  as  a  stimulus,  nor  hm  the  auimars 
temi>eratnre  risen  more  tlian  a  degree. 

In  the  third  place,  it  will  be  seen  (Obs.  46 — 48,  Table  I.),  that  the 
dog  did  commence  to  pant — xdih  the  cord  cut — after  he  had  reached  a 
temperature  of  42. 

•2 
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Let  mo  rpcall  n  )w  one  ot  iho  conclasions  of  my  previously-published 
paper:  ''The  iucrcased  respirations  ....  are  due  to  two  cansos,  skin 
stimulation  and  warmed  b](K)d/'  A  somewhat  closer  consideration 
makes  it  evident  that  the  experiments  there  given  w(?ro  not  sufficient  to 
show  that  the  warmed  blood  has  any  direct  central  effect :  for  nltltough 
by  Bection  of  the  cord  in  the  lower  cendcal  region  a  ]arge  part  of  the 
skin  was  thrown  ont,  yet  the  fore  liml>8y  neck,  and  sensitive  heed, 
mouth,'  and  tongae  remained  in  connection  with  the  medulla  ;  and 
althoogh  in  the  experiment  the  direct  action  of  the  heated  air  from 
without  was  pieyented  by  keeping  the  auimars  bead,  Axs.,  out  of  ibe 
warm  chest,  yet  this  did  not  preclnde  the  beating  of  tbe  nerves  of  tbe 
skin  of  those  parts  from  within  by  means  of  tbe  blood  which  bad  been 
heated  in  the  other  parts  of  tbe  body  flowing  into  them. 

To  show  bow  senBitive  the  mncons  membrane  of  the  month  and 
the  tongoe  is,  I  add  Exp.  2,  Table  11. 


Tal)le  XI. 
December  8rd,  1879. 


No.  of 
observation. 

■y 

la 

Temp,  of 
animul. 

Rate  of 
respiration. 

« 

1 

7.58 

42 

89 

26 

2 

55 

Head  and  foie-feet  placed  in 

8.01 

appaiatns. 

S 

40 

a8*9 

40 

4 

06 

40 

89 

52 

5 

08 

40 

89-1 

90 

G 

09 

40 

S9-1 

152 

7 

12 

40 

39-1 

06 

Xosc  free. 

8 

15 

39 

39 

02 

Ko6e  back  in  oven. 

9 

16 

40 

89-1 

160 

10 

18 

40 

39-1 

Dog  pants. 

In  this  experiment  it  was  the  ami  to  have  the  sitrronnding  air  which 
the  animal  took  into  its  mouth  not  very  hot,  not  warmer  than  the  blood 
was  when  the  dog  began  to  pant  in  the  experiment  above  referred  to. 
The  experiment  shows  that  exposure  of  a  small  part  of  tbe  body,  month, 
Jieck,  and  fore  limbs,  to  this  not  very  high  temperatnre  is  saiBcient  to 
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produce  quickened  breathing  and  even  pa^tin^,^  ahliou^li  tlie  aniinars 
temporatiiro  \^  not  raised.  Human  c.xiH-riciK'e  a;;rLM>.s  with  tliis  ;  if  in 
the  eit'ort  ol'  jotting  into  perspiration  l)y  means  of  a  hot-air  barli  (»n(> 
file  head  undor  the  sheet  and  thn>  l»n'athe.s  air  of  ahont  the  body 
teniperatui-e  one  huds  the  respirations  siinilarij  increase  in  fro([uency. 

In  the  former  paper  it  was  shown,  that  the  temperatures  there 
employed  (41*3)  did  not  produce  the  panting  when  the  cord  had  been 
cat^  and  it  was  left  for  further  investigation  whether  higher  blood  tem- 
peratnres  might  produce  such  an  eftect  by  action  on  the  centres  directly. 
The  lettiiig  in  of  panting  in  Exp.  1  when  the  do;:^'  liad  reached  the 
temperature  of  oyer  42  might  be  adduced  to  support  the  view,  that  the 
heat  in  conditions  Hke  the  above  acts  oentrallj,  the  cord  having  been 
cut.  Bat  the  foregoing  remarks  show  that  sndi  a  conclusion  would  not 
be  justified,  as  the  peripheral  influences  from  mouth  and  head  are  not 
exoluded ;  nor  were  those  from  ihe  lung  nerves.  I  cannot  see  how  to 
throw  eat  these  peripheral  influences  altogether,  and  the  question, 
possibly,  most  remain  an  open  one,  although  there  cannot  be  adduced 
any  fiict  showing  a  direct  action  of  heat  on  the  centres. 

A  third  experiment,  see  Table  III.,  however,  was  devised  in  which 
peripheral  influences  were  eliminated  uis  much  as  possible. 


Table  III. 
January  9,  1680. 


^1 


1 

2 
3 
4 


5 


4  1 

s  I 

10  I 


11.40 
12.43 

UM 

1.35 
2.53 
3.08 
3.10 
8.24 
8.29 


14 
13 

40 

57 
50 
50 
53 
60 
60 


o  ^ 

J '3 


3()-7 
?>'l 
30 
80 


81 
34 
30 
37 
88 
88-5 


Q 

Si  g 


0 
6 

C 
1) 
9 

10 
10 


Cord  aud  pnemuogaatrics  are  cat. 


Placed  in  apparatus;  head  and  fore  lunbs 
free. 


Ice  in  cloths  placed  around  head. 


'2— :> 
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No.  of 
observation. 

* 

Time. 

1*1 

Temp,  of 
animal. 

Rate  of 
respiration. 

11 

3.15 

88-9 

10 

12 

4.14 

67 

40 

8 

IS 

17 

67 

40-5 

10 

14 

24 

63 

41 

18 

16 

30 

60 

41-8 

12 

Artificial  respiration  ncccssarv. 

16 

31 

Respiration  shallow  and  weak. 

17 

S3 

59 

Artificial  respiration  uecessaij. 

18 

84 

41-4 

12 

Artificial  respiration  neoeflsaiy. 

19 

86 

59 

Respirations  shallow* 

20 

40 

41-7 

12 

MosdfiB  twitchinff . 

21 

45 

18 

22 

49 

58 

42 

20 

Efforts  at  respirations  rather  than  respira- 

tions. 

S8 

50 

42 

16 

► 

24 

55 

42 

Artificial  reflpiiation. 

57 

68 

42 

Dog  died* 

Table  ITT.  tlion  shows  that  when  cord  and  pncumogastrics  are  cut 
the  increase  in  the  number  of  respirations  is  very  low  indeed.  This 
certainly  does  not  look  as  if  the  hot  blood  Lad  the  power  to  directly 
diminish  resistance  and  increase  the  irritirbility  of  the  respiratory  centre. 
It  is  not  without  interest  to  observe  how  the  panting  can  be  ])roduced  if 
the  cord  is  cut  and  the  pnenmogastrics  p^eser^•ed — in  that  case,  however, 
the  temperattire  must  be,  raised  considerably — and  how  it  can  likewise 
be  produced  when  the  pncnmogastrics  are  cut  and  the  cord  left  intact^ 
in  that  case  the  temperature  need  hardijr  be  raised  at  all.  Bat  when 
both  cord  and  pneumogastric  ';  are  cut  panting  is  not  aeon,  excepting 
nndor  certain  artificial  conditions. 

The  next  question,  then,  would  be  how  mnch  is  duo  to  the  peripheral 
Btimnlation  of  the  vagus-endings  in  the  lungs  bjr  the  increased  tern- 
penitare,  and  do  they  act  just  like  the  nerves  of  the  skin  ?  Are  they 
sensitive  to  warmth? 


Exp.  4,  Table  IV.,  may  help  to  answer  this  question. 


HEAT'DYSPNdlA, 

Table  IV. 
Maieh  4th,  1880. 
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No.  of 
observation. 

Time. 

Temp,  in 

Temp,  of 
animal. 

Rate  of 
respiration. 

1 

7.85 

39-2 

36 

45 

39-2 

45 

s 

55 

84 

89-1 

70 

4 

8  00 

89*2 

184 

5 

15 

6 

23 

88-8 

60 

7 

28 

38-8 

47 

8 

40 

88-5 

38 

9 

48 

38--i 

36 

10 

9  05 

50 

38-4 

32 

11 

23 

63 

88-8 

29 

12 

88 

53 

88*8 

28 

18 

43 

14 

10  06 

59 

38-8 

32 

15 

12 

61 

39-2 

52 

IG 

15 

58 

89-5 

60 

17 

SO 

60 

89-9 

90 

18 

25 

40-4 

160 

19 

28 

60 

40-5 

176 

20 

82 

60 

40-9 

232 

21 

8  40 

84-5 

21 

22 

45 

41 

23 

9  08 

52 

35 

16 

24 

37 

63 

37 

14 

25 

48 

54 

88 

18 

26 

10.01 

55 

39-2 

19 

27 

06 

49 

40 

20 

28 

20 

50 

41 

8 

89 

80 

iil 

41 

14 

80 

40 

50 

41*8 

10 

81 

48 

50 

42 

44 

82 

55 

50 

42-5 

52 

33 

11.00 

51 

42-6 

52 

84 

05 

52 

48-2 

36 

85 

15 

43-6 

156 

The  temp,  ia  this  exp.  irom  No.  9  onwards 

refers  to  the  heated  air  in  the  can.  The 
evening  was  yer^  warm  and  dose. 


Cord  cat. 


Dog's  bttdifla-hibe  oomMcfced  irfth  a  lam  tin 
containiQc  water  at  elevated  temp,  mi  Ba. 
(O.H.V 


Plaoed  in  warm  apparatna. 


PneunogaatricB  oat« 

March  5th* 
Piaoed  in  apparatoa. 


Artifldal  respirations  for  two  minntes. 
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We  can  gather,  then,  from  Table  IV.  that  giving  the  animal  warm 
and  moist  air  to  breathe  did  not  seem  to  have  any  effect  on  tilie  peripheral 
yagns  fibres,  the  animal  was  not  made  to  pant  thus;  and,  agaiA,  cutting 
he  nenres  did  not  stop  the  panting  after  it  had  onoe  been  set  np.  The 
same  observation  was  made  on  a  dog  in  which  the  cord  was  intact,  the 
animal  breathing  hot  air.  The  respirations  were  not  permanently 
diminished  bj  catting  the  vagi. 

But  why  did  the  dog  not  pant  the  next  daj  after  reaching  a 
temperature  of  41  ?   Or  why  not  in  Table  III.  ? 

I  maj  add  here  ^at  the  dog  wonld  not  have  reached  before  dying 
the  high  temperatnres  which  it  did  in  Table  IV.  if  artificial  lespiration 
had  not  assisted  him ;  and,  farther,  the  observation  has  repeatedly  been 
made,  thiit  the  respirations  go  up  in  frequency  during  artificial  respiration 
and  remain.i  hi^^Ii  a  little  time  afterwards. 

Regarding  the  depth  of  the  respirations,  I  cannot  support  the  state- 
ment that  they  grow  deeper.  Traciii^^s  which  I  have  taken  show  that 
they  grow  more  shallo%v,  ns  it  also  ni)])oar!5  to  ordinary  observation. 
Accidentally  1  found  out,  I  think,  how  Fick's  statements,  that  they 
grow  deeper,  came  to  be  made.  In  an  ex|H'rini('nt  which  I  made  the 
board  on  whioli  the  dog  restcil  not  a  little  too  hot  accidentally,  and  then 
the  respiratory  movement^;  n;row  deeper.  As  soon  as  the  animal  was 
protected  from  pain  they  went  back  to  their  normal  character,  showing 
more  limited  excursions  than  the  respiration  at  the  normal  temperatore. 
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THE  INFLUENCE  OF  QUININE  UPON  THE  REFLEX- 
EXCITABILITY  OF  THE  SPINAL  CORD.  By  Wm.  T. 
SEDGWICK,  Ph.  B.,  FtUow  of  the  Johns  MopJma  University, 
JSaltimors, 

It  is  the  object  of  this  paper  to  describe  a  series  of  ezperimeEits  which 
seems  to  indicate  a  different  explanation  from  that  commonljaccepted  for 
the  inflnence  of  (quinine  upon  ihe  zeflex-excitability  of  the  spinal  cord. 
A  knowledge  of  the  real  action  of  this  drag  is  particalarly  desirable  at 
the  present  time,  because  Setschenow's  theory  of  specixd  reflex- 
inhibition  centres  has  been  so  often  and  so  snccessfally  attacked  that  the 
arguments  drawn  from  the  marked  effect  of  quinine  upon  reflex-irrita- 
bility are  to-day,  perhaps,  among  the  best  reasons  for  retaining  it. 

The  theoiy  of  iSetschenow^  was  originaUy  offered  to  explain  the 
great  loss  of  reflex-irritability  which  is  the  uniform  result  of  stimulating 
with  sodium  chloride  tho  optic  lobes  or  optic  thalami  of  the  frog's  brain. 
It  has  alscj  \)i^Gn  looked  upon  with  favour  as  accounting  most  easily  for 
that  fingiilar  rise  in  reflex-irrilability  which  follows  division  of  tho 
medulla  in  the  nornuil  frog. 

Herzen'  wenkonod  tho  nrgumtMit  for  the  existence  of  tliP«:o  centres 
bv  showing  that  a  depre^aiun  of  irrital)ilit y  was  not  limiled  to  stimula- 
tiun  of  the  optic  lobes  and  thalami,  hut  ininrlit  hi'  induced  by  stimulation 
of  tlip  cord  itself.  Goltz^,  since  that  tiiiir,  has  mnoviMl  the  necessity  of 
retaining  tho  tluory  of  Setschenow  to  explain  the  increased  irrita- 
bility of  the  normal  frog  after  division  of  tlie  medulla  by  bringing 
forward  his  theory  of  simnltaucons  stimulation.  Besides  those  investi- 
^  gators,  Frcusberg^  and  olht  rs  h;ivo  touted  and  finally  abandoned  the 
doctrine  of  special  rt-flex-inhibition  centres.  Nevertheless,  this  doctrine 
still  ofii^rs  the  readiust  explanation  of  numerous  phenomena  in  physio- 

*  XJAn'  die  ITemnmtfm»ekw»i»mm  Jur  die  XfJIexthdHpheit  de*  RSdunwutrk^  1863.  Set- 

«cll«IlOW  und  PoMcliutin,  Keue  Vet-iuche^  1SC5. 

'  f  tp.  iur  Un  Crn(ren  ntoiirratrnr*  de  Vartion  rfthxr,  18*^1. 

^  Jieitrage  mt  Lehre  von  dot  FunctiotttH  tier  Xerctncenticn  des  Ftv*che«^  s.  39,  a.8.W.  Berlin, 
1869. 

*  Pf lager* «  Arehir,  x,  (1875),  174, 
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logjf  one  of  which  is  the  remarkable  loss  of  reflex-excitability  following 
the  administnition  of  »  small  dose  of  qninine  to  a  normal  frog. 

Except  Meihoizen^  whose  work  I  shall  review  farther  on,  no  one, 
80  far  as  I  know,  has  offered  any  other  explanation  of  the  action  of  this 
alkaloid  than  that  it  stimnlates  the  so-called  centres  of  Setschenow. 
Chaperon'  suggested  that  it  probably  acted  in  this  way,  and  believed 
that  he  had  proved  it  beyond  a  donbt  by  experiments  which  are  so  simple 
and  yet  seemingly  so  conclusive  that  they  have  been  widely  adopted  for 
demonstration  pui-poses. 

Thns,  if  a  small  dose  of  some  ealt  of  quinine  be  thrown  under  the 
skin  of  a  normal  frog,  or  one  from  which  only  the  cerebral  hemispheres 
have  been  removed  (and  which  we  may  conveniently  call  an  optio- 
lobe  "  frog),  a  great  loss  of  reflex-excitability  occurs.  If  now  we  divide 
tlio  mcdnlln,  tlie  oxoitahility  returns  (juickly  to  the  noniial.  Conversely, 
it"  the  medulla  is  divided  before  the  dose  is  given,  no  loss  oi  irritability 
can  be  detected. 

It  has  alho  been  found  that,  with  largo  doses,  the  reflex-irritability 
may  be  depressed  after  a  time  even  in  the  pithed  frog. 

Having  thus  raj)idly  sketched  our  present  knowledge  of  the  working 
of  this  drug,  I  shall  next  describe  my  metliods  of  experimenting;  then 
will  follow  a  discussion  of  my  work,  a  few  words  comx^rning  the  case 
of  sodium  chloride,  and,  finally,  the  application  of  my  results  to  the 
general  theories  of  rcflox-inhibition. 

Mdhodt  of  Ejqpermeniin^* 

In  spite  of  the  objections  which  have  been  made  to  it,  Tiirck's 
method  for  measuring  the  reflex-irritability  was  used  throughout, 
Gyon's  objection  that,  what  one  measures  in  such  cases  is  not  reflez<* 
excitability,  but  only  the  duration  of  the  reflex-time,  seems  groundless. 
We  know  that  stimuli  in  the  nervous  central  organs  are  cumulative,  and 
if  a  longer  time  elapses  between  the  applicatjon  of  acid  to  the  skin 
and  tlie  occurrouce  of  a  retlex  niovenieut,  this  can  only  mean  that  the 
stimulation  had  to  attain  a  greatiM-  height  before  it  gave  rise  to  an 
etterent  discharge.  The  objection  has  also  been  raised  that,  sooner  or 
later,  the  acid  employed  must  act  harmfully  upon  the  bit  of  skin  to 
which  it  is  again  and  again  applied.    It  is  claimed,  too,  thai  the  suspen- 

'  PflttgerU  Jrehtr,  vii.,  21S. 
*  Fllager**  AreAitf  a.,  298. 
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sion  of  tlie  frog  puts  him  in  sucb  an  abnormal  position  that  the  results 
obtained  are  not  trustworthy.  These  objections,  and  many  more,  dis- 
appear iii  llio  light  of  experience  gained  by  observations  made  with  a 
careful  attention  to  details. 

I  have  worked  only  uj)on  frogs.  Except  in  a  few  cfiBes  they  were 
hnn^  up  by  a  large  pin  (passing  tlirough  the  head  between  the  nan  s), 
from  eitlier  end  of  a  horizontal  wooden  bar.  Tins  bar  was  supported  by 
having  its  midillo  portion  naileil  to  a  tall  block,  so  that  no  other  ])art  of 
the  frog's  body  was  in  contact  with  any  solid  object.  A  reservoir  of 
water  above  communicating  with  a  tiexible  rubber  tube  closed  by  a  pinch- 
cock  gave  abundant  and  roadjr  means  for  washing  the  frogs  and  keepiog 
ihem  in  good  order.  They  were  constantly  watched,  and  frequently 
bathed  by  immenion  in  a  basin  of  water  lifted  from  below.  Tliis  basin 
of  water  is  also  a  quick  means  of  removing  the  acid  after  the  reflex 
moTement  has  oocuned.  Diaughts  of  air  were  found  yery  irritating,  and 
were,  therefore^  avoided. 

Dilute  sulphuric  acid  was  employed,  and  was  made  by  diluting  to  a 
litre  two  c.  c.  of  commercial  "  pure  sulphuric  acid.**  It  bad  a  quite 
distinctly  add  taste.  The  time  was  marked  off  by  a  metronome,  beating 
one  hundred  strokes  a  minute.  At  first  the  reflex-irritability  was  esti- 
mated every  ten  minutes;  however,  if  the  conditions  are  good,  five 
minutes  is  a  snfiicient  inter\'al,  and  my  later  observations  were  mado 
five  minutes  apart.  No  comparative  experiments  were  attempted  until  the 
record  of  several  consecutive  reflexes  showed  only  iuch  variations  as 
would  fall  witbiu  the  limits  of  observation  errors. 

Perhaps  the  greatest  dithculty  met  with  in  using  the  method  of 
Til  rck  is  to  l)e  sure  that'the  too  of  the  frog  dips  into  the  acid  e<|nally  far 
every  time  the  retiexfs  are  deTerinined.  Carelessness  in  tlus  respect  may 
prodnce  great  variations  in  a  record,  and  for  this  reason  Meihuizen's 
plan  of  holding  the  frog  in  the  hand  is  ohjectionable.  Again,  the  acid 
must  be  removed  with  all  possible  speed  alter  the  retiex  movement  has 
taken  place. 

As  I  employed  it,  Turck's  method  gave  satisfiictory  results;  for 
frogs  could  usually  be  kept  in  good  ortler  as  long  as  was  needful.  A 
test  experiment,  in  which  two  frogs  had  their  medullas  divided,  and 
soon  after  were  hung  up  as  I  have  said,  showed  a  record  of  reflexef; 
which  hardly  varied  for  six  hours.  The  irritability  was  taken  every  five 
minutes.  So  that  they  were  suspended  in  an  abnormal  position  for  nearly 
six  hours ;  they  bad  sixty<-6ix  applications  of  dilute  add  to  the  same  bit  of 
skin ;  these  sixtynsix  stimuli  set  up  as  many  reflex  movements ;  yet  at 
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the  end  of  the  trial  the  reflex  exoitabilify  waa  preciselj  the  aame  as  at  the 

begiuuing,  and  obflervations  ceased  only  from  ray  own  wcarineea.  In 
the  face  of  Buoh  experiments  it  seems  absurd  to  olaim  that,  under  proper 
precautions;  repeated  applications  of  acid  of  the  strength  indicated,  or 
repeated  demands  upon  the  spinal  ooid,  will  lead  to  serioos  errois. 

It  is  a  matter  worihy  of  close  attention,  especially  in  view  of  the 
results  whidi  I  have  reached,  to  consider  the  fonn  in  which  qninine  shall 
he  given*  As  Hermann^  points  out,  the  nse  of  acid  to  dissolve  the 
sulphate  is  not  to  be  recommended ;  for  (he  acid  may  set  up  stimuli 
which  will  depress  the  reflexes  like  other  stimulation  of  sensory  nerres. 
Yet,  if  sulphate  of  quinine  is  to  be  used  at  all,  acid  must  be  added,  for 
it  is  little  soluble  in  pure  water.  For  these  reasons  it  seems  best  to  reject 
the  sulphate,  and  to  use  the  chloride,  which  is  quite  soluble  in  pure  water, 
and  weight  for  weight,  contains  much  more  quinine.  There  is,  howev(>r, 
one  danjjer  iu  usin<T  this  salt  which  must  be  borne  in  mind.  If  given 
in  doses  of  a  rather  eoTu-entrated  solution  if  behaves  as  an  irritant. 
Commonly  the  drug  is  injected  under  the  opaque  skin  of  the  fro^^'p  back. 
Tliinkinn;  tliat  lesf  dnn;!;er  of  losing  any  of  the  ilose  was  incurred  V)y 
putting  it  under  the  abtlominal  skin  (as  the  frogs  sometimes  jump  about, 
and  by  arching  the  back  squeeze  out  a  few  drops),  I  have  lately  thrown 
the  drug  in  at  a  small  incision  on  the  abdominal  skin  near  one  of  the 
arms.  I  have  noticed,  with  some  surprise,  that,  after  w  time,  there  often 
appears  a  large  congested  area  just  over  the  part  where  most  of  the 
solution  is  lying.  , If  the  aqneons  soUition  of  quinine  chloride  may  act 
in  ihis  way  it  suggests  that  it  should  always  be  dilute ;  for  if  irritating 
it  is  ^uite  as  objectionable  aa  tiie  acid  solution  of  the  sulphate.  For 
ordinaiy  work  I  have  used  a  freshly  made  soluti^,  *06  grams  of  qninine 
chloride  in  10  c  c  of  distilled  water.  This  does  not  appear  to  irritate ; 
and  using  ^  cc,  which  is  a  conrenient  quantity,  a  dose  of  *00d  grams  is 
given.  The  solution  of  atropia  which  I  employed  had  *005  grams  of  the 
sulphate  dissolved  in  10  c.  c.  of  water ;  this  gave  for  each  dose  of  ^  c.  c 
only  '00025  grains,  yet  this  minute  quantity  proved  ample. 

Quinine  Salts. 

As  has  been  said  above,  so  £ir  as  I  know,  ihe'only  attempt  to  explain 
the  action  of  these  salts  on  any  other  theory  than  that  they  stimulate 
the  so-called  centres  of  Setsohenow  has  been  made  by  Meihuizen', 

'  Lfhrhwh  d4>r  Expn  iinmfelfen  Toxicol^gUf  »,  366-    Berlin,  1874. 
'  Pfliiger's  -rlicAif,  vu.,  21C. 
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and  by  him  only  indirectly.  He  worked  only  with  frogs  whose  medullas 
had  been  divided,  so  that  these  jiarticular  centres  were  out  of  the 
question.  Still,  he  advanced  a  theory  for  the  action  of  the  chloride  of 
quinine  on  snch  frogs  which,  if  true  there,  might  aiso  bo  true  |)eihap8 
in  the  entire  or  optic-lobe  fror^.  It  was  thought  best,  therefore,  to  test 
his  tlieory.  Meihuizen  found — and  I  agree  with  him  in  this — that 
although  in  the  frog  whose  medulla  has  been  divided  small  doses  of 
quinine  do  not  seem  to  affect  cither  ihe  heart-beat  or  the  roHex-excita- 
bility,  krge  doses  do,  on  tho  contrary,  affect  both.  They  slow  tho 
heart^bcat  and  depress  the  reflex-excitability. 

In  his  other  work  I  have  not  been  able  to  confirm  Meihuizen's 
lOBoltB.    Under  Urge  doses  of  quinine  I  have  repeatedly  seen  the 
i«fiez*^zoitabi]ity  grow  feebler  and  feebler,  till  it  finally  disappeared 
altogether.    In  snch  oases  I  haye  almost  invariably  fonnd  the  heart 
still  beating,  though  the  dronlation  in  the  web-vessels  was  nsnally 
stoj^ied.    Meihnizen,  on  the  other  hand,  finds  no  loss  of  reflex- 
ezcitabilily  ttntil  the  heart  has  wholly  stopped  beating ;  then,  he  says, 
the  reflexes  di8i4>pear  in  from  fifteen  to  thirij  minutes,  or  often  even 
sooner — ^that  is  to  say,  a  great  loss  of  refiex-ezoitability  never  preeedu 
a  cessation  of  the  heart-beat.   On  ^is  observation  he  builds  his  theory, 
which  is,  that  in  fi       with  divided  medullas  quinine  depresses  the 
reflexes  by  producing  gruve  disturbances  in  tlie  circulation.    I  can  only 
reconcile  my  own  results  with  his  by  supjiosing  that  tho  e^iputeure  of 
the  heart  which  he  r(\^ortcd  to  in  some  way  causes  it  to  stop  sooner 
than  it  otherwisn  would.     Difteront  as  the  ciise  is  from  that  of  the 
ordinary  frog  suppoijed  to  have  inhibition-centres,  it  might  be  ,that 
in  tlie  latter  the  circulation  was  atl'ected  even  when  no  obvious  ehnnijo 
was  ^?een  ;  and,  as  a  consequence,  by  virtue  of  these  centres,  (juiekly 
depressed  the  reflexes  of  tho  spinal  cord.    Experiments  were  therefore 
begon  both  with  quinine  and  with  sodium  chloride,  in  oixier  to  settle  the 
point  upon  frogs  having  the  so-called  centres  of  Setschon  o  w.  The 
heart  having  been  exposed  in  an  optic-lol  ^  frog,  and  a  crystal  of  sodium 
chloride  laid  on  the  cat  ends  of  the  thalami,  no  change  in  the  heart- 
beat is  seen  for  a  short  time;  very  soon,  however,  the  heart  beats 
slower,  becomes  dilated,  and  stops  in  diastole,  with  all  the  phenomena  of 
vagus-inhibition.  Almost  at  fhe  same  time  convulsions  usually  begin, 
and  when  they  are  over  the  heart  is  found  beating  again.   If  the  vagi 
are  cut  beforehand  the  heart  cannot  be  stopped  in  this  way ;  and  so, 
too,  if  a  minute  dose  of  atropia  is  given  before  beginning  the  experiment 
it  always  fails;  hence  we  are  probably  saib  in  concluding  that  the  phe- 
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nomenoo  is  due  to  yagns-inhibition  of  the  heart^beat,  brought  about  by 

stimulation  of  the  thalami  with  sotlium  chloride.  This  is  a  fact  of  some 
interest,  perhaps.  So  far,  support  seemed  liktly  to  bo  "iven  to  the 
theory  of  Meihuizen.  Accordingly,  the  work  upon  tjuinine  chloride 
was  begun  with  special  interest,  for  I  did  not  then  know  that  quinine 
forbid."?  vnrrns-inhibition.  I  soon  found,  however,  that  in  the  entire  or 
optic-loln  frog  the  heart  was  not  stopped  in  tlie  same  way  by  small 
doses  of  quinine.  Moreover,  a  dose  large  cnongli  to  slow  the  heart-beat, 
or  to  stop  it,  continues  it,s  eti'ect  even  after  tliat  organ  has  been  separated 
from  its  extrinsic  nerves.  Clearly,  tlie  cases  of  quinine  and  sodiam 
diloride  are  very  unlike^  so  far  as  the  heart  is  conoeroed.  I  next  pro- 
ceeded to  estimate  directly  the  influence  upon  the  reflexes  of  profound 
diatnrbance  of  the  oiTcalstion.  The  reflex-time  in  frogs  with  divided 
medullas  haviDg  been  carefully  recorded  and  found  fkirly  conBtant,  the 
heart  was  exposed,  and  a  ligatnre  passed  tightly  aroand  it^  so  that  all 
eirculatioii  stopped  at  once.  This  experimoDt  seemed  to  show  that  in 
no  case  did  the  reflex-time  change  mnch  within  half  an  hour ;  and  this^ 
it  will  he  remembered,  was  the  extreme  period  daring  which,  according 
to  Mexhaizen,  the  reflexes  lingered  after  total  stoppage  of  the  hearts 
beat  by  qninine.  Table  I.  recoids  some  experiments  made  in  April  on 
frogs  in  good  order,  and  under  the  same  conditions.  All  were  tested  at 
the  same  time,  tiie  animals  being  hnng  up  side  bj  side,  and  observed 
one  after  the  other  at  equal  intervals.  When  it  is  recollected  that, 
although  the  incision  to  expose  the  heart  does  not  perceptibly  ati'ect  the 
reflex-time,  ligaturing-ofl^  the  heart  is  a  more  profound  operation,  the 
moderate  variations  which  the  records  indicate  may  perhu]is  be  well 
accounted  for.  On  the  average,  about  forty  minutes  ehipsed  before  the 
reflex-irritability  sufferevl  any  great  change  j  even  then  the  reflexes 
seemed  to  tail  ratlierfrom  stittening  of  the  muscles  than  trom  any  ch.mge 
in  the  nervous  elements.  From  the  fact  wliich  these  experiments  sponi 
to  prove,  that  a  total  stoppage  of  the  circulation  has  less  rapid  effect 
upon  the  reflexes  than  even  large  doses  of  qninine,  we  must  conclude 
that  qninine  does  not  act  primarily  upon  reflex-excitability  by  diminish- 
ing the  blood-flow. 


EXPBRIHEKT  1. 

The  observations  were  made  ten  minutes  apart.  Frogs  A,  B,  C,  D, 
E,  F,  with  heart  ligatured,  show  the  effect  of  a  total  stoppage  of  circa- 
lation  upon  reflex-irritability :  their  medullas  had  been  divided  one 
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hour  before  experiments  benran.  E  was  an  optic-lobe  frog  whose  hemi- 
spheres had  been  removed  several  hours  before.  Frogs  G,  H,  and  Z 
give  an  opportunity  for  comparing  the  effect  of  large  doses  of  qninine 
with  a  complete  stoppage  of  circulatioiL  Z  had  a  dilate,  and  G  and  H 
had  a  oonoentcated,  dose  of  qoinine. 
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Having  in  mind  the  remarkable  inhibition  of  the  lieart-beat  by 
sodium  chloride  ap[)lied  to  the  mid-brain  of  the  frog,  wliich  seems  to 
point  clearly  tou  distinct  efferent  impulse  proceedinnr  from  tbe  stimulated 
part,  and  recollecting  tb*^  rririoiis  phenomena  of  simultaneous  stimulation, 
such  as  tbe  diminished  irritability  in  one  leg  when  the  sciatic  nerve  of 
the  other  is  stimulated  by  a  strong  electric  current,  it  is  not  difficult  to 
suppose  that  all  the  reflex-inhibitions  produced  by  applying  sodium 
chloride  to  the  nervons  apparatns  of  the  frog  are  special  cases  of 
sinraltaneona  stimulation. 

Taming  next  to  quinine,  and  attempting  to  apply,  in  this  case,  the 
same  theory,  our  attention  is  at  once  drawn  to  the  important  fact  that 
quinine  has  a  decided  effect  upon  the  heart  itself.  Sometibing  is  ceridinly 
going  on  herei  for  the  heart  beats  slowly  under  a  moderate  dose  and 
ceases  to  beat  altogether  under  a  large  one. 

If  counter  nervous  stimuUtion  occurs  in  this  organ  it  must  be 
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through  the  vagns  nerve.  If  this  acts  us  the  aiierent  nerve,  whose 
fitimnlation  is  to  dcpro^s  reflex-excitabilitv,  then  division  of  the  medulla 
below  thf  none  must  forbid  that  depression,  as  it  By  reviewing 

the  ttubject  and  by  thi^i  tmin  of  thoiifrht  I  wa**  led  to  believe  tliat  such  a 
theory  would  account  well  for  the  facts  and  do  away  "^'ith  the  necessity 
for  siipposin;^  the  existence,  in  this  case,  of  .special  inhibition  centres  ; 
it  would  be  this  :  (piinine  salts  acting  upon  tlie  nervous  network  of  tin? 
heart,  stimulate  the  vagus  nerve,  and  so  depress  general  reflex-irritability 
in  a  way  similar  to  that  in  which  electrical  stimolatioii  of  one  sciatio 
noire  may  depress  the  reflexes  in  the  other  leg. 

This  theory  accounts  well  for  facts  which  have  long  been  thoroughly 
established,  and,  if  true,  need  meet  with  little  objection,  for  its  depressing 
effects  npon  the  reflex-ezcitabiliiy  of  the  cord  are  only  simplified  and 
placed  alongside  of  many  other  cases  of  simultaneous  stimulation  which 
are  unquestioned.  The  return  of  that  excitability  afltor  division  of  the 
medulla  is  accounted  for,  since  the  source  of  the  depression — the 
stimnlated  nen:e — is  no  longer  connected  with  the  cord ;  and,  con- 
yersely,  if  the  medulla  is  divided  hefoxehand  no  depression  can  oocnr 
for  the  same  reason.  Moreover,  the  effects  of  small  and  large  doses 
upon  frogs  with  divided  mednlla  shotdd  he,  as  they  are,  totally  unlike 
the  effects  of  the  same  doses  npon  normal  or  optio-lobe  frogs. 

If  my  theoxy  is  tme,  section  of  the  vagus  nerves  onght  to  he,  so 
fiir  as  the  reflexes  are  concerned,  equivalent  to  dividing  the  medulla. 
Accordingly  I  divided  both  vagi  dose  to  the  medulla,  bat  the  results 
were  not  constant.  Owing  to  paralysis  of  the  br^-ngeai  mnscles  the 
frogs  no  longer  breathed  normally  and  always  bore  the  marks  of  a  too 
severe  operation.  No  absolutely  contradictory  results  were  obtained; 
still  sometimes,  after  quinine-giving,  the  reflexes  fell,  but  as  it  seemed 
rather  from  general  exhan.«ition  of  the  animal,  and  in  others  the  reflexes 
continued  as  if  no  quinine  hud  been  ^iveu.  Division  of  the  visceral 
branches  of  the  vagi  below  the  origin  of  the  laryngeal  was  a  less  seven* 
operation,  and  was  correspondingly  more  successful.  A  great  trouble* 
in  this  mode  of  experimenting  is  that  a  very  considerablo  number  of  tho 
fro^Ts  after  the  operation  swell  up  enuiuioa«ly  and  utterly  fail  to  expire. 
Tlio  phenomenon  is  described  by  Heinemann.  and  fro;:s  which  show 
it  are  no  Ioniser  available  for  exfieriments  upon  retiex-irritid>ility.  Then, 
too,  even  of  those  wliifli  do  not  seem  attected  in  that  way,  it  may  be  truo 
that  there  is  something  ;^'>i";,'  which,  while  it  is  not  conspicuous,  may, 
notwithstanding,  affect  the  n  tlexes.    Tl  hich  showed  no  siigns 

of  Heinemann 's  phenomenon  gave  very  fair  results. 
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Exp.  2,  f^cc  Table  II.,  records  some  of  these  results  and  aifords  an 
opportiHiit\-  for  comparinf^  them  with  the  effects  of  similar  doses  upon 
the  normal  frog.  It  should  not  bo  forgotten  that  an  animal  which  has 
undergone  a  severe  operation  cannot  be  expected  to  retain  irritability  so 
long  as  an  animal  nnopeiated  upon.  * 


Kii£iillIENT  2. 

■  • 

The  observations  took  place  five  minutes  apart.  For  convenience 
they  are  arranged  as  if  thej  were  made  simnltaneonsly.  Tliey  repre- 
sent some  of  the  best  cases  for  the  theory. 

A,  D  had  had  the  visceral  branches  of  ilieir  vagi  divided  below . 
ibe  origin  of  the  laryngeal  several  hours  before. 

E  was  an  optio-lobe  frog.  F,  G,  and  H  had  nndergone  no  operation. 

![he  experiments  ooourred  in  April  and  May,  1880,  and  the  weatiier 
was  &vonial>le  for  the  work.  Frogs  were  chosen  with  special  reference 
to  the  apparent  absence  of  Heinemann's  phenomenon. 

The  results  thus  &r  obtained,  though  very  encouraging,  were  not 
perfectly  satis&ctory.  It  was  therefore  decided  to  make  use  of  atropia, 
in  the  hope  that,  since  it  is  believed  to  paralyse  the  inhibitory  vagos- 
sndinga  in  the  heart,  it  might  also  paralyse  the  ends  of  the  aflferent 
fibres,  and  so  prevent  tiie  action  of  quinine,  which,  the  theory  supposes, 
stimulates  those  endings.  This  test  proved  perfectly  satisfactory.  Table 
III.  shows  several  cases,  which  may  be  compared  with  others  taken  at 
the  same  time  when  no  atropia  was  given.  They  are  rcpreseutiitivo 
examples.  Tlie  dose  of  sulphate  of  atropia  ('00025  grams)  is  very  small, 
but  after  it  has  been  given  the  usual  amount  of  quinine  seems  to  have 
no  effect  at  all. 

It  will  be  remarked  that  the  small  quantity  of  atropia  does  not  itself 
affect  the  reflexes.  This  I  have  proved  by  separate  experiments,  see 
Exp.  3,  Table  III. 
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If  proof  for  my  theory  depended  solely  upon  tbo  action  of  atropia, 
it  might  properly  be  argued  that  we  know  too  little  of  the  action  of 
tlib  drug  to  base  upon  its  effects  any  explanation  of  the  working  of 
^niiiid;  bat  when  taken  in  connection  with  the  effects  produced  by 
Yagoar-section,  it  becomes  a  valuable  ally  for  the  theory.  Owing  to  the 
sudden  advent  of  warm  weather  I  have  made  but  a  single  experiment 
to  see  if  atropin  was  a  general  paralyser  of  inhibitory  fibres.  An  optic- 
lobe  frogy  to  which  a  large  dose  of  atropia  had  been  given,  showed  the 
ordinary  loss  of  reflex-irritability  when  his  lobes  were  stimulated  with 
salt.  Moreover,  it  is  hardly  possible  thai  the  small  dose  whidi  I  have 
used  could  prevent  general  reflex-inhibition. 

These  experiments  seem  to  me  to  show  that  quinine  salts,  when 
given  to  the  normal  or  optic-lobe  frog  in  small  doses,  depress  the  reflex* 
excitability  by  stimulating  the  vagus  nerve  through  its  endings  in  the 
heart.  It  is  not  unlikely  that  the  pulmonary  and  gastric  endings  may 
also  be  influenced,  but  I  have  no  proof  of  their  action. 

If  my  work  shall  be  confirmed,  it  must  be  admitted  that  in  the  frog 
with  divided  medulla  we  have  a  different  problem  to  solve.  Small  doses 
are  here  ineffectual  ;  and  when  we  recollect  that  quinine  is  a  proto- 
plasmic poison,  and  in  large  or  eoncentratod  duses  may  become  an 
irritant,  several  possibilities  arise.  Quinine  may  poison  the  cord  directly, 
or  have  some  other  equally  obscure  action  ;  but  from  some  experiments 
which  1  have  begun  but  have  rot  yet  completed,  it  is  possible  that  the 
depression  in  these  cases  is  due  to  intense  simultaneous  stimulation  ;  the 
irritating  quinine  solution  being  a  stinmlus  comparable  to  the  electric 
stimulus  applied  to  a  sciatic  nerve,  and,  hke  that,  affecting  materially 
the  general  reflex-excitability.  That  it  acts  moi*e  feebly  in  case  the 
brain  and  great  nerve-centres  are  gone  is  to  be  expected ;  it  has  less  to 
work  with  and  upon. 


Sodium  Ohiokids. 

My  work  upon  the  behaviour  of  this  substance  has  not  perhaps  gone 
beyond  that  of  other  observers.  Their  accepted  results  I  have  been  able  * 
to  confirm  in  most  cases.  Herzen*s  observation  that  stimulation  of 
the  cord  could  cause  a  depression  of  excitabflily  I  have  fully  confirmed 
by  dividing  the  medulla,  estimating  the  refliax-time  before  and  after 
placing  salt  upon  the  section.   On  cutting  across  the  cord  again  below 

*3 
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Experiment  3. 

Obsemtioiis  occoned  fiye  minutes  apart  Frogs  A,  0,  £ 
show  that  atropin  does  not  in  such  doses  affect  the  reflexes ;  ako  Hiat 
after  atropin-gtving  qninine  is  ineffectual.  F,  G,  I  show  the  effect 
of  the  same  doses  of  qoinine  when  no  atropin  has  been  given.  In  no 
case  after  atropinrgiving  have  I  seen  qnlnlne  have  its  ordinaiy  efibct. 
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this  point  the  reflexes  may  oft^n  be  restored;  they  may  then  be  again 
depressed  by  salt  and  restored  by  section. 

I  wish  merely  to  cail  attention  to  the  evidences  of  simaltaneoDB 
stimulation  in  the  case  of  sodinin  chloride,  as  hearing  upon  theory. 
These  evidences  are,  first,  the  fact  that  the  heart  may  be  stopped  by 
applying  salt  to  the  thalami;  second,  that  at  abont  the  same  time 
coDYnlsions  oocar;  and,  third,  these  are  not  due  to  sttmnlation  of  the 
Bo-called conynlslTe  oentro/'  nnoe  they  occur  almoet  as  well  if  the  salt 
is  laid  npon  the  cut  oord  from  which  the  medulla  has  been  removed. 
These  facts,  if  they  sbow  anything,  show  that  the  salt  may  act  as  a  direct 
stimnlos  of  considerable  power. 


ThEORSTICAL  C0iibIP£EAT10148. 

I  have  not  overlooked  the  difHcuIties  which  seem  to  arise  from  the 
strange  behaviour  of  atropia  towards  quinine  depression  of  reflez- 
excttability.  It  is  not  easy  to  underi$tand  how  two  drags  whidi  have, 
apparently,  the  same  effect  upon  the  inhibitory  function  of  the  vagus 
shall  nevertheless  .act  precisely  unlike  upon  the  vagus  nerve  in  rei^)ect 
to  reflex  depression.  At  first  sight  we  can  only  escape  by  saying  that  it 
(quinine)  acts  as  a  paralyser  of  inliibitory  endings  and  as  an  excitant  of 
affiavent  endings  of  the  vagns  nerve,  while  atropin  paralyses  both.  This 
hypothesis,  however,  assumes  a  distribution  of  function  in  the  vagns 
fibres  which  we  are  hardly  justified  in  making.  In  view  of  the 
discovery  by  Ph>f.  H,  Newqll  Martin^,  that  special  reflexes  may 
be  inhibited  by  the  stimulation  of  the  oentral  ends  of  efferent  fibres,  we 
may  have  to  change  all  our  ideas  of  reflex-inhibition,  and  it  may  be 
that  quinine  merely  stimuhttes  the  ends  of  the  efferent  cardio-inhibitory 
fibres,  and  these  act  back  in  the  centres. 

Since  atropin  is  known  to  ji.iialysc  the  poripboral  orcrans  of  tLo 
cardio-inhibitory  fibres,  wo  would  then  get  an  explanation  of  the  fact 
that  after  it^  aduiinijjtrution  small  doses  of  quinine  are  without  effect  on 
the  reflexes.  Otherwise  it  would  appear  that  we  must  assume  that 
atropin  paralyses  abo  the  ending  of  afferent  vagus  fibres  in  the  heart, 

^  Johns  Hopkin«,  rnirwvitjf  Cirwtar,  May,  I88p.  A  preUninaiy  MMMNmt  of  wamt 
expniimals  tendiog  to  proTS  the  exUtenoe  of  •  new  fonotion  in  thu  Anterior  rooU  ci  the 
•fNiMl  nerree. 
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wbioh  are  sthnulated  in  i2ie  organ  under  the  infinenoe  of  qoinme  and 

depress  the  reflexes. 

The  slowing  of  the  heart  under  quinine,  and  at  the  same  time  the  loss 
of  cardiac  inhibition  ou  direct  vagus  stinmlatiun  ,  ^\\o\\  that  the  cardiac 
action  of  the  drug  still  needs  much  more  investigaiioii. 

If  the  statement  wlu(  ]i  was  made  at  the  outset,  that  tlie  tlieorv  of 
Set  sch enow  is  better  sustained  hy  quinine  than  almost  anything  else, 
is  true,  then  it  must  be  granted  that  that  theory  now  rests  on  a  weak 
support.  If  my  results  secure  continuation,  quinine  does  not  dej)ress  the 
reflexes  by  the  mediation  of  any  special  inhibitory  centres.  Moreover,  it 
seems  to  me  that  all  the  phenomena  found  in  using  common  salt  to 
demonstrate  the  existence  of  these  centres  may  be  better  explained  by 
looking  at  them  as  particular  cases  of  aminltaneoua  atimnlation,  com- 
parable to  the  general  inhibition  of  reflexes  aooompanying  the  powerful 
stimulation  of  a  sensory  nerve. 

Sodium  chloride,  although  its  first  cause,  has  for  some  jears  been 
a  stnmblmg-block  in  the  way  of  the  iheoiy  of  Setsohenow,  while 
quinine  has  been  one  of  its  most  important  supports.  Goltz*s  theory, 
on  the  contraryi  has  been  made  more  probable  by  the  action  of  salt,  and 
has  hardlj  accounted  for  the  effect  of  quinine.  It  will  be  seen  that  the 
results  of  my  work  support  Goltz  and  reuder  highly  improbable  the 
theoiyof  Sets che now. 

Ihe  general  results  of  this  paper  may  he  stated  thus : — 

1.  Quinine  salts  in  small  doses  seem  to  depress  the  reflez-exdtability 
of 'the  oord  by  stimulation  of  the  vagus  nerve ;  mainly  through  its  end- 
ings in  the  heart. 

2.  This  places  the  quinine  action  alongside  other  stimuli  of  sensoiy 
nerves,  and  explains  it  action  by  saying  that  it  is  a  special  case  of  reflex 
depression  by  simultaneous  stimulation. 

3.  Goltz*s  theoiyis  supported,  and  that  of  Setschenow  much 
weakened  by  these  phenomena. 

4.  Reflex  depression  under  quinine  salts,  in  the  pithed  frog,  is  a  case 
wholly  difforent  from  the  same  depression  in  the  entire  frog.  Larger 
doses  are  required,  and  the  drug  possibly  acts  as  a  direct  poison  on  the 
cord. 

It  is  not  unlikely  that  other  drugs  may  act  like  quinine  upon  the 
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rotiexes.  I  propose  to  conlinue  iiiv  work  und  shall  especially  examine 
di^talis,  and  others  wliicli  net  upon  the  heart. 

The  materials  for  lliis  |)a|>or  were  accumulated  in  the  Biological 
laboratory  of  the  Johns  Hopkins  University,  in  charn;e  of  Prof.  H. 
Newell  Martin.  I  am  glad  of  an  opportunity  to  express  my  feeHng 
of  deep  indebtedness  to  him  for  the  coostant  encouragement  and  wise 
oomisel  with  which  he  has  fiiToared  mo. 
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THE  EARLY  DEVELOPMENT  OF  THE  WOLFF- 
IAN BODY  IN  AMBLYSTOMA  PUNCTATUM. 
By  SAMUEL  F.  CLARKE.  I'u.  D.,  Late  Fellow  and  As.osinnl  m 
Biology,  J  ohms  Hopkins  Univemity.   With  Plates  1, 11  and  111. 

The  first  in<Hcati"M  of  the  iirin()tj;('iiilal  .^y.'-t^'iu  in  Aiul>!y>toiuu 
i»  louiul  at  the  period  ui'  (i»'vei(«|)meijt  represented  \\\  Fimire  L 
At  thirt  stage,  a>  seen  in  cross  >('cnon«,  LiL:,nreH4iV  to  tlie 
mesoderm  extends  entirely  arc  iiud  tlie  Ixxiy  forming  a  twt)-eellecl 
larnrlln.  Li  the  rei^ion  which  is  to  bi<'i»iiie  the  intermediate  e«ll 
n)a>>,  oolh  hiyers  id  njt'sodenn  are  mueh  eidai  licd,  see  I'  lgnrei*  4  iV 
to  12  A.  Tins  eidurgenieiit  ol"  liie  nirsixh-rin  is  prmlueed  by  a 
^rowtli  ot'  and  not  a  multipiieatiun  ul'  tiie  cell-,  as  is  seen  in  the 
Figures,  of  series  ''AV  Tliis  l)e£rinning  of  tlie  \\ Oltlian  hhisiema 
wa.«  found  exteiidin*!;  thron^ii  a  lew  sections  onU  in  a  con>ccntive 
i*erie.s.  In  the  next  later  >iaL'e  irom  \^  hirh  a  sines  wu»  obtained, 
Figure  2,  the  soinatopleure  cells  of  the  bluHtenia  have  become  very 
much  hirjier  than  tho^e  ot  the  .splanehnopleure ;  the  former  divide 
transversely  and  then  bcc(»ine  dil]"er(Mit iatcd  from  the  rest  ot  the 
inisoderni  by  a  tlefinite  outline.  This*  bia^U'^na  now  I'onsi.sts  ol  a 
Holid  mas.-  or  rod  ((feeds  lying  just  verjtral  to  the  lateral  plates, 
bounded  on  the  insiile  l)y  the  splanelnutpleure,  on  the  outiside  by 
the  epiderni  and  lormed  Irom  the  outer  layer  of  mesoderm.  At 
its  anterior  end  through  six  or  seven  sections  it  is  of  considerable 
size,  then  it  suddenly  becomes  much  smaller  an<l  continues  without 
cliange  through  ten  or  twelve  sections  farther  backward.  In  the 
next  succeeding  series  of  sec^tions,  taken  irom  a  .s|)ecimen  repre- 
seuted  in  Figure  40,  one  (imls  that  the  body  cavity  is  beginning  to 
be  formed  aud  the  Woltiian  blastema  is  seen  to  be  entirely  in  the 
aomatopleure ;  no  anterior  opening  has  yet  been  t'ornied  in  the 
s^mental  duct,  as  Balfour  has  called  this  structure  iu  ibe  Elasmo- 
bianchS)  as  is  demonstrated  by  the  first  section.  The  next  two 
sectioiis  show  that  a  lumen  is  beini^  formed  within  the  previously 
solid  rotl,  while  tlie  thix^e  ."-ections  tol lowing  these  two  indicate  u 
partial  diiieretitiation  of  the  blastema  into  a  dorsal  and  ventral 
part.  Afler  one  or  two  sections  morCi  the  dorsal  portion  teriui- 
Dates  and  the  ventral  part  ooutinues  posteriorly  as  a  solid  rod. 
4  •  .       39  • 
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The  next  or  fourth  series  are  from  an  embryo  represented  in 
Figure  41 F.  In  this  stage  one  finds  from  the  sections  tiiat  the 
dorsal  duct  now  opens  anteriorly  into  the  body-cavity ;  the  split 
has  worked  its  way  fbrward  to  the  anterior  end  of  the  blastema, 

separating  the  anterior  end  into  two  quite  separate  parts  or  ducts, 
each  with  a  lumen,  but  the  ventral  one  ends  blindly  while  the 
dorsal  one  communicates  with  the  body-cavity.  Jielow  the  ventral 
duct  is  a  small  solid  rod  of  cells  which  was,  I  believe,  not  foritied 
from  the  blastema.  In  section  number  37  Y  of  this  series  the 
dorf'al  and  ventral  ducts  huve  united  into  one  which  possesses  a 
single  largo  luiueti.  The  next  succeeding  section  shows  this  single 
duct  opening  into  the  butly-cavity. 

The  Wolffian  body  then,  arises  from  the  outer  layer  of  the 
mesoderai  as  a  aoWd  rod  of  cells,  and  is  at  first  largest  anteriorly  ; 
a  split  then  occurs  in  the  larger  portion  which  begins  at  the  pos- 
terior end  of  the  smaller  part  itnd  travels  anteriorly,  and  at  this 
time  a  lumen  has  appeared  in  the  anterior  end  of  the  blastema  ; 
finally,  the  split  reaches  the  anterior  end  thus  dividing  that 
portion  into  two  ducts;  ti»e  lumen  is  extending  itself  backward,  a 
small  rod  of  ceils  has  been  formed  below  tlie  anterior  end  of  the 
ventral  duct,  the  dorsal  and  ventral  duets  are  united  at  one  point, 
and  a  secoiul  opening  into  the  body-cavity  I'rom  the  dorsal  duct 
has  been  niade.  This  method  of  development  seems  to  be  (juite 
ditfereut  Ironi  that  in  any  allied  forms  in  wiiieh  the  develojuuent 
has  been  worked  out.  As  it  is  most  like  that  of  the  Klasmo- 
branchs,  I  will  add  a  brief  account  of  the  <levelopnient  of  tin? 
urinogenital  system  in  the  latter  group  given  by  iJait'our.  It 
lirsL  niak<  IS  its  apj)earance  as  a  solid  knob  of  cells  sj)rinL:in^  from 
the  intermetliate  cell  mass.  From  this  knob  a  solid  coluuiii  of 
cells  grows  backwards  to  the  level  of  the  anu«.  The  knob  then 
acquires  an  opening  into  the  body-cavity  w  hicii  i-  eoutiiuiotis  witii 
a  liunen  that  makes  its  appeanince  in  the  ro<l  uf  c(  lis.  Solid  out- 
Lirowihs  of  the  intermediate  cell  mass  then  appear  which  soon 
l>(come  hollow  and  <.tjKin  into  the  Ixxl v-eavitv.  iheir  blind  ends 
curl  oljliipiely  backwards  and  o]>en  into  the  segmental  duct. 
Alter  all  this  has  taken  place  the  segmental  duct  s[>liLs  longi- 
tu<iitialiy  into  two  ducts  in  the  female,  and  into  one  duct  and 
parts  ol  anoilier  in  the  male. 

In  conifKiring  this  with  Amblystoma,  one  notices  that  the  origin 
oi  the  prioiitive  rod  of  cells  is  very  similar  in  both,  they  agree 
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in  thv  anterior  ojienincf  into  the  bo<ly-cavity  and  in  tlio  lumen 
appeariiii:;  anteriorly  and  working  its  way  liaekward.  Bcycnd 
these  [xiints  tliey  are  unlike.  The  splitting  ot  the  .segmental  duct 
in  Ani!>lvst()nia  takes  phice  at  a  iiiueh  earlier  period  and  proceeds 
in  a  diilerent  way.  The  mcoihI  (jpening  into  the  body-cavity  is 
also  pi  eiiliar  to  Am}>lystouia  as  is  the  small  rod  of  cells  lying 
ventral  to  the  two  tiilus  which  are  derived  from  the  blastema.  Tt 
is  possible,  however,  that  ttii.s  small  rod  is  not  a  part  of  the  urino- 
genital  fjystem;  and  tliis  .>-eeoiid  opening  into  the  body-cavity  is 
probably  tiie  ix  Lcinniug  of  the  (ii  -t  -(!gmental  tube. 

It  IS  a  matter  of  great  regret  lo  me  that  I  have  not  sutlieiently 
complete  rc-jults  to  aHow  ot  any  theoretical  considerations,  and  I 
have  concluded  to  j)nl)lisl»  this  <ihort  descriptive  paper  because 
there  is  enough  to  show  that  the  metliod  of  development  of  the 
TJrinogenital  syst^nu  in  AmMystoma  is  (|uite  ditlerent  from  that  of 
allied  forms,  and  indicates  a  promising  field  of  work,  if  the  sections 
can  be  obtained.  I  have  worked  many  montlis  to  oi)tain  tlie  few 
results  here  re<;orded,  so  difficult  is  it  to  obtain  workable  material. 
Many  thousands  of  sections  have  been  prepared  and  mounted, 
nearly  all  of  which  from  one  cause  or  another  are  valueless;  many 
are  utterly  worthless,  while  a  large  number,  though  partly  good, 
are  not  reliable.  I  have  had  tlie  l>est  results  with  Picric  acid 
8pecimenS|  and  tind  that  they  work  better  a  few  days  after  they 
have  been  transferred  to  absolute  Alcohol,  than  when  longer  kept. 


EXPLAJSATIOJ^f  OF  TLATES. 

The  figure??  are  niniil>ered  IVoia  1  to  41  and  the  ilifTerfnt  Fprie<?  of 
sertiDiis  are  indicated  hy  letters  atmcxcd  to  the  nuiiiherfci  of  ibe  tigures. 
All  of  the  figures  were  outlined  with  the  aid  of  the  caiuera  lucida. 

PLATE  L 

FiQCRK  1.— A  Bide  y\ew  of  the  specimen  from  which  the  series  of 
sections  marked  "i^"  were  obtained,  nc.  neural  canal; 
e,  eye ;  /,  throat ;  a,  fature  positioo  of  cloaca.  Mag- 
nified six  diameters. 

Fiauu  9. — A  side  view  of  the  specimen  firom  which  the  series  of 
sections  marked  "P''  were  made,    e,  eye  \  in6,  mid* 
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FiauBi  3. — Continued. 

brain;  hn,  branchial  lobe;  ha,  brachial  lobe,  from 
which  the  anterior  limb  is  dcTeloped;  pr,  protover- 
tebrae.   Enlarged  six  diametera. 

FiOQBi  3. — A.  diagrammatic  figure  of  the  defeloping  Wolffian  bodf 
of  Ambljstoma  made  from  series  **7/*  pp,  body- 
cavity;  h\t  the  dorsal  dnct»  opening  anteriorly  inio 
the  bodj^cavity;  at,  its  second  opening  into  the  body- 
car  ity;  b%t  the  yentral  duct  which  nnttes  with  the 
dorsal  dnct  jnst  in  front  of  the  second  opening  of  the 
latter;  63,  the  small  rod  of  cells  which  appears  jnst 
beneath  the  Tentral  of  the  two  iarge  ducts. 

FiauBi  4^.^A  crosS'Section  through  the  body  at  the  anterior  end  of 
that  enlarged  portion  of  the  mesoderm  from  which  the 
Wolffian  blastema  is  formed.  The  hypoblast  cells  are 
very  large  and  filled  with  Tery  coarsely  granular  proto- 
plasm; oc,  the  alimentary  canal  ;  nl,  the  notochord 
which  appears  to  be  formed  from  tin*  hypoblast;  \rh, 
the  enlarged  part  of  the  mesoderm  from  which  the 
Wolffian  blastema  is  formed.  The  mesobla'^t  at  this 
Btage  extends  entirely  aruand  the  body,  formiug  a  two- 
celled  lauiella.  epiblast. 

FlOOatS  4  W  to  "SiN,  are  consecutive  and  show  that  this  enlarg-ed  area 
of  mesoderm  extends  through  these  fire  sections  without 
any  marlied  change. 

PLATE  II. 

FiouBi  9  N. — ^This  is  not  the  next  section  to  8^,  but  is  next  but  one. 

The  enlarged  portion  of  mesoderm  to6,  still  per- 
sists. 

FsavBi  10  Jl^— This  represents  the  next  section  bat  one  to  Fi^^ure  9^, 

and  shows  no  marked  change. 

FloUfiX  10  jy,  tu  13  iV,  are  c<»nserutive.  Figure  13  intliratea  the  pos- 
terior teriiiiiuitioii  of  the  mesodenii  iiiiii  kcd  v  l). 

Fiouai  14^,  lu  21  Z'.  arc  roiist  rut  ivc,  ami  are  taken  from  the  speci- 
men icjircsuuied  in  Figure  2.  The  series- is  com- 
pleted with  Figures  22  and  23  on  Plate  III. 

FiouBX  14 p. — A  section  through  the  anterior  end  of  the  Wolffian 
^  blastema,  wb. 


biyuizua  by  Google 


AMBLYSTOMA  PUNGTATUM, 


43 


FlQUBfiB  \bP,  to  20/*,  are  es^calially  aliko,  showing  tlie  Wolffian  blas- 
tema, hi,  exteudiug  backward  witboat  marked  change 
in  size  or  form. 

FlQUEB  21/'. — lo  i\m  section  the  blastema,  bl,  suddenly  dimiuUhes  in 

size. 

It  will  be  seen  from  a  comparison  of  sections,  MP  and  15  P,  tluit  the 
Wolffian  blastema  is  found  from  the  outer  lajer  of  cells  of  the  mesoderm. 

PLATE  III. 

FiaujiK  22  P,  is  next  but  one  in  the  series  to  21  P.   There  Is  not  moch 

change ;  the  intermediate  cell  mass  with  the  blas- 
tema blf  is  more  distinctly  separated  fh>m  the  pro- 
tovertebra. 

ir  iULiUJS  23/*. — This  is  five  sections  further  backward  in  the  series  than 

SSP,  and  shows  the  blastema  reduced  to  a  small  rod 
of  cells.  It  oocnrs  in  one  or  two  more  sections  only 
and  then  terminates. 

FlGURfis  26H'^to  32  B',  I'oroi  the  third  scries,  and  were  made  from  the 

specimen  represented  in  Ficrure  40. 

FiQUES  24 IF, — The  anterior  end  of  the  blasteniii  is  shown  at  hi.  The 

body-navity  pp,  i.s  beginning  to  be  formed. 

FlOUBlB2&ir,  and  26ir.— The  blastema  is  larger  than  in  24  IF,  and 

the  body-cavity  is  still  present. 

flOUBS  27  IT. — The  blastema  is  here  mnch  enlarged  and  is  being 

divided  by  a  median  transverse  division. 

FiouEB  28Tr.^Tbe  split  is  here  indicated  also,  bnt  the  npper  or  dorsal 

portion  is  moch  the  largest  The  body-cavity  j)p» 
is  present  bnt  disappears  in  the  next  section. 

Fiouu  29  IT. — There  are  now  two  distinct  ducts,  a  dorsal  bllt  and  a 

ventral  hllL 

FlQUES  30  ir. — The  two  duets  are  still  present  but  their  luaiena  have 

disappeared. 

FiQUHK     W. — The  dor-sal  dnct  bll,  here  terminates  while  the  ventral 

one  persists. 

FlOURB  B2H^. — This  is  next  but  one  in  the  series  of  sections.    The  now 

single  rod  of  cells  extends  only  a  few  sections  farther. 

In  studying  this  series  "17*'  it  appears  that  the  blastema  in  its  en- 
larged anterior  part  becomes  longitudinally  divided  by  a  split  which 
starts  at  the  posterior  end  of  the  swollen  portion  and  travels  anteriorly. 
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FiOTTBis  33  F,  to  89  F,  comprise  the  last  Beries,  and  were  obtained  from 

an  indiTidnal  shown  in  Figure  41 F. 

Fiauu  33F.— A  seclion  through  the  anterior  end  of  the  developing 

Wolffian  body  ;  be,  body  cavity,  into  which  opens  the 
dorsal  dnct  b  1  -,  b2,  the  ventral  dnet  and  63,  a  small 
rod  of  cells  which  is  found  only  in  this  and  the  foU 
lowing  section. 

FiouBE  34  y. — The  dorsal  duct  ft  1,  is  here  distinct  from  the  body  cavity, 

•6c.  There  is  a  peculiar  collection  of  cells  about  the 
ventral  dnct  which  may  be  a  trace  of  the  primitive 
connection  of  the  dorsal  and  ventral  dncts,  the  split 
not  being  qnite  completed  at  this  point  There  is 
a  small  Inmen  in  each  of  the  two  dncts.  The  small 
ventral  rod  of  cells  Is  also  present 

FiouebSSF. — ^The  dorsal  and  ventral  dncts  hold  the  same  relative 

positions  and  have  the  same  characters. 

FiQUEK  66  Y. — The  two  ducts  have  united,  foruimg  one  large  duct 

with  a  large  lumen. 

FuJUHK  37  V — The  single  duct  here  opens  into  the  body  eavity. 

Fiouak33F. — The  single  duct  has  become  a  solid  rod  of  cells,  and  in 

this  condition  stretches  away  toward  the  posterior 
end  of  the  body, 

Fmuri  39  F.— This  is  six  sections  posterior  to  89  F,  and  beyond  this 

the  "rod "  does  not  extend. 

FiauBS  40. — side  view  of  the  individoal  firom  which  the  series  of 

sections  marl[ed  "TT,"  were  made,  e,  eye;  6a, 
branchial  lobe ;  6n,.brachial  lobe;  pr,  protovertebrm. 
Enlarged  sii  diameters. 

Fiomi  41 F. — side  view  of  the  specimen  from  which  series  "  F"  were 

obtained;  np,  nasal  pit;  e,  eye;  bal,  balancer; 
bn,  branchial  lobe;  6a,  brachial  lobe.  Enlarged 
six  diameters. 

Fignre  3,  on  Plate  I,  gives  a  diagrammatic  side  view  of  the  develop- 
ing Wolffian  body  of  Amblystoma  oonstrncted  from  this  series  of 
sections  marked  "F.'* 


IfOTES  ON  THE  FORMATION  OF  DENTINE  AND 
OF  OSSEOUS  TISSUE.  By  CHRISTIAN  SIHLER, 
M.  J}.,  Ph.  D.,  Laie  Fellow  and  AsnstaiU  in  Biol&gtf,  Jakiu 
Hopkint  Uniwrniy.   With  Plate  V. 

I«  Dentine. 

There  are  two  views  held  regarding  the  formation  of  dentine : 
one  Bupported  by  WJlldeycr,  in  Strieker's  Handbook,  the  other  by 
KoUiker,  in  his  Histology.  Aoeording  to  the  former  all  the  cells 
of  the  tooth  piil|)  are  used  np  in  the  formation  and  are  actively 
engaged  in  the  prodacdon  of  dentine.  According  to  the  second 
view  the  odontoblasts  only  are  the  elements  whose  function  it  is  to 
deposit  dentine.  Waldeyer  believes  that  osseous  tissue  and  enamel 
develop  in  quite  an  analogous  way. 

I  shall  now  brin^  forward  rlie  observations  which  I  have  made 
on  the  tissues  coiuiug  iulo  play  in  llie  process,  and  then  consider 
which  view  they  support. 

(1)  .  Cracking  with  a  vice  the  iiic'i.sor  of  a  c-alf,  or  splitting  the 
root  with  a  knife,  one  linds  that  tin;  pulp  is  removed  from  the 
dentine  very  easily  indeed;  great  ditliculty  is  often  experienced 
in  ktHipinu^  it  adherent  to  the  dentine  in  order  to  make  sections 
through  pulp  and  dentine,  both  nnuaining  in  their  natural  position 
witii  reference  to  each  other.  Xiii»  behavior  of  the  pulp  towards 
the  dentine  is  in  striking  contrast  to  that  of  tin;  jxriteincntuni 
towards  the  ceineuluai,  and  scctn-^  to  juc  to  thi'ovv  some  light  on 
the  ditference  in  their  respective  modes  ot'  growth.  Although  this 
iaet  is  one  readily  oh>erval>Ie  witliout  the  microscope  it  £ieems  not 
less  important  on  that  aecuunt. 

(2)  .  I^efore  enumerating  the  taet.s  brought  out  by  the  mieroseope, 
1  -fioi  tly  describe  the  me: hod.  The  materials  used  were,  princi- 
j)aiiy,  the  inclMors  of  the  ealt,  the  r(»o!-  ot  wiiiclj  were  split  longi- 
tudinally that  tiie  «taining  fluid  might  have  access  to  all  the  parts, 
ineluding  the  dentinal  canals;  and  rare  vv;w  taken  to  disturb  the 
relation  ix'Lween  the  pulp  and  dentine  a->  little  a>  j)u>vi hie.  1 »  the 
staining  Huid,  Bealc's  carmine,  the  teeth  remained,  until  the  pulp- 
cells  wen;  deeply  stained;  after  wa-^hifig  with  nei(lulale<l  glvcerine, 
they  were  transti:'rred  to  dilute  ah.-ohol,  i'rom  this  into  >trong 
alcohoi^and  then  allowed  to  dry,  the  pulp  applying  itseil  closely — 
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Id  some  parte  at  least^to  the  dentine.  Seotiom  were  then  made 
with  a  bard  and  fine  ficalpel^  through  all  the  parte,  pericementnro, 
cementuDii  dentine  and  pulp,  or  through  parts  of  diese  layers,  as 
was  desired.  The  sections  were  then  treated  with  glycerine  and 
acetic  acid,  which  swells  them  out  and  briugs  them  back  to  their 
natnral  condition. 

Figure  1,  Plate  V,  shows  such  a  section  passing  through  the 
root  a,  pulp — ^near  the  dentine  the  darker  red  shows  that  the 
cells  there  are  either  large  or  more  numerous.  6,  the  pink  wne, 
the  newest  layer  of  dentine  which  is  not  yet  ossified,  e,  the  fully 
formed  dentine.  /,  the  pericementum.  the  uncalciiied  ccmen- 
turn  (again  a  pink  zone),    c/,  the  calcified  cenientum. 

This  drawing  is  intended  to  show  only  the  general  arrangement 
of  the  parts,  and  is  but  little  macrnified. 

Figure  2,  Plate  V,  more  highly  magnilit'd,  shows  (ho  fully 
forinetl  dentine  and  the  adjoining  soft  tissues  where  the  o-niwth  of 
the  dentine  must  be  in  progress.  We  observe  here — a,  the  calci- 
fied dentine.  6,  the  unrdlcified  dentine,  (tiie  i»ink  zone  already 
nitntioiied).  The  newly  laid  down  semi-solid  material  absorbs 
sumc  of  the  carmine,  but  is  uuL  siaimd  as  deeply  as  the  protoplasm 
of  the  cells.  Next  comes  a  layer  of  iai  ^t-  and  long  fjells,  reminding 
one  of  coluiiiuar  cpiilitlial  cells,  with  a  dark  red  nucleus  situated 
generally  towards  the  blunt  end  of  the  cells  which  is  dirccled 
towards  the  j)ulp.  There  has  never  come  sucli  au  odontoi)last 
uiiuii  my  notice  wilh  muic  tlian  one  nucleus,  d,  the  pulp  proper 
sliowinj^^  oval  and  ronmlish  masses  of  protoplasm  imbedded  io 
formed  matter  of  a  finely  fibri Hated  character. 

(-1).  The  elements  making  tlic  pulp  can  readily  be  examined,  by 
teasing  and  scriipini^  a  pulp  which,  after  having  been  removed,  has 
been  kept  in  bu-hromatt*  of  potass  .soluliuu.  Fiirure  4,  Plate  V, 
shows  such  cells.  They  lorm  very  irregular,  branched,  and  varied 
fi<Tures,  their  processes  ^vi<hMitly  ruunini;  out  into  and  continuous 
with  the  filirou>  Meiwork  (.f  tljc  pulp.  The  naked  eye  shows,  and 
this  must  be  borne  in  mind,  that  the  pulj)  i<  exceediuLrly  vascular, 
and,  upon  teasing,  larger  vessels  with  uii-triated  mu.-ctilar  fibres, 
and  smaller  ones  richly  nuoleated,  are  observed  pervading  the 
whole  pulp. 

(5).  The  odontoblasts  in  a  verv  natural  condition  can  he  pro- 
curtnl  by  scraping  the  freshy  tiurmed  dentine  or  walls  ot  the  pulp 
cavity,  after  removal  of  the  pulp.    For  wiien  the  pulp  is  drawn 
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oat  of  the  toothy  the  line  of  separation  takes  place  as  a  rule  betweeo 
the  odontoblasts  and  the  pulp,  the  former  remaining  in  connection 
with  the  dentine. 

Figure  6,  Plate  V,  gives  a  namber  of  forms,  not  unfrequently 
observed.  A  very  typical  one  is  a,  where  we  observe  a  large 
nucleus  near  the  inner  rounded  end,  while  the  other  extremity  of 
the  cell  looks  squurely  cut  off,  with  a  process  or  fibres  attached  to 
one  corner.  In  other  odontoblasts  a  large  process  rons  from  the 
outer  extremity  of  tlie  otlontoblast,  evidently  pulled  out  from  a 
deiitii)al  canal,  (iiiul  as  we  shall  notice  afterwards,  continuous  with 
the  dentinal  tubule  atul  its  eContents),  1  have  never  observed  two 
otlontoblasts  joined  viui  to  end. 

(')).  In  a  well-staincd  specimen  not  only  the  odontublajjti*  arc  of 
a  red  color  ljut  also  the  contents  of  the  dentinal  canals  ;  just  as  in 
the  cornea  we  have  the  nucleus,  the  b(Kly  of  the  cell,  and  its  pro- 
cesses by  which  the  protoplasm  of  the  different  cells  is  ituL  in 
connection,  so  in  the  living  and  jjrowing  dentine  we  have  the 
nucleus  in  the  odontoblast,  the  body  of  the  cell  aud  its  processes 
permeatin<j  the  dentine. 

(7)  ,  If  a  sectiuii  is  made  with  a  scalj)el  tiirough  the  root  of  the 
tooth,  or  more  nccnnitely  through  (he  dentine  with  the  udonto- 
blasts  attaclied  and  in  place,  and  such  a  section  is  ireate<l  with 
btroni;  hydrocliloric  ncid,  tlic  frronnd  snl>stance  of  the  dentine  is 
destroyed,  and  there  are  left  behind  the  cell?  and  their  main 
processes,  corresponding  to  the  tubides.  I  may  just  rec:dl  here, 
that  when  dead  and  drv  dentine  which  has  been  boileil,  and  where 
the  protoplasm  has  been  destroyed,  is  treated  with  strong  hydro- 
chloric acid,  the  tubules  remain  behind.  By  taking  these  two 
observations  togethw,  we  See  that  the  odontoblast  and  the  dentinal 
tulmie  with  its  contents  are  one  thing.  (It  is  hardly  necessary  to 
mention  that  the  former  observation  has  been  made  also  before  by 
Lent,  and  the  latter  by  every  body.)  It  is  found  further  that  the 
odontoblasts  do  not  separate  readily  laterally  but  are  evidently 
unite<l  one  with  another  along  their  sides,  although  the  con- 
necting fibrils  or  tubules  cannot  be  distincruished ;  but  the  short 
processes  apparent  on  the  isolated  odontoblasts  seem  to  be  these 
connecting  threads. 

(8)  .  Treating  a  section  prepared  as  described  under  (2)  with 
dilute  hydrochloric  acid  and  pressing  it  with  a  coverglnss  one 
often  sueoeeds  in  separating  the  odontoblasts — adhering  then  to 
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the  pulp — from  the  dentine,  in  such  a  way  that  fibres  are  seen 
across  the  interval  between  dentine  and  soft  parts ;  and  in  iavor- 
able  specimens  it  can  be  made  out  tliat  these  tli reads  corres[>ond 
to  the  large  and  thick  external  processes  of  the  odontoblast  de- 
8i*ribed  above.  That  they  can  undergo  so  much  stretching,  as  they 
do,  without  tearing,  seems  to  show  that  they  are  not  protoplasm 
})ure  and  simple,  but  that  their  outer  part  is  a  thin  dense  envelope, 
in  fact  the  dentinal  tubule  (or  Neumann's  sheath)  of  the  dead  and 
dry  dentine.  I  think  some  authors  confound  this  elastic  tubule 
with  its  protoplasmic  contents. 

Takii^;  all  the  observations  together  we  would  have  then — the 
vascular  pulp  with  its  branching  cells,  the  processes  of  whit'h  have 
no  definite  arrangement  but  pass  into  a  fibrous  texture,  the  meshes 
of  which  are  filled  up  with  a  mucous  ground  substance;  and  out- 
side the  vascular  ])ulj»  the  odontoblasts,  the  end  processes  of  which 
pass  into  the  walls  of  the  dentinal  canal,  t.  e.,  the  dentinal  tubule. 
The  odontoblasts  themselves  staining  readily  and  carrying  a  large 
nucleus  are  evidently  in  great  nutritive  activity,  and  their  proto- 
plasm is  continuous  with  that  lying  in  the  dentinal  tubtile.  The 
newly  formed  dentine  we  find  as  an  apparently  hooiogjjeneous,  ^emi- 
transparent  coating,  covering  the  calcified  dentine ;  it  is  not  found 
between  the  odontoblasts,  but  only  at  their  outer  extremities. 

Now  taking  the  case  before  us,  «.  e,,  a  root  of  a  tooth  which  is 
growing,  and  waiving  at  present  the  question  as  to  the  method  of 
the  first  beginning  of  the  growth  of  dentine,  in  what  way  does  the 
increase  in  the  thickness  of  the  dentine  take  place? 

Taking  all  the  &ct8  into  consideration',  the  most  probable  view 
seems  to  be  this:  The  odontoblasts  absorb  from  the  pulp  the 
necessary  nutriment  and  form  a  secretion ;  they  pour  this  out  in 
such  a  way  that  the  portion  produced  by  the  single  cell  cannot  be  dis- 
tinguished from  that  produced  by  its  neighbors,  and  this  new  layer 
stains  pink  if  the  lime-salts  have  not  yet  been  deposited  in  it.  As 
the  odontoblasts  form  this  secretion  on  their  outer  ends,  they  move 
necessarily  inward,  and  at  the  same  time  spin*in  their  wake  the 
dentinal  ttibule.  The  side  branches  of  the  main  tube  correspond 
to  the  lateral  processes  (spoken  of  above)  holding  the  cells  together. 
Of  course  we  must  conceive  that  new  lateral  processes  are  con- 
tinually being  formed  by  the  soft  anterior  part  of  the  odontoblast 
as  this  moves  and  grows  inward.  In  moving  onward  thus,  the 
odontoblasts  must  of  course  remove  the  pulp^  and  we  may  imagine 
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this  to  be  done  in  two  ynysi  either  the  odontoblaBtB  being  very 
active  in  their  oatrition  take  awaj  the  pabulnni  irom  the  other 
pnlp^lle — ^the  latter  shrivelling  and  disappearing,  or  the  odonto- 
blasts  live  on  the  pulp-oells  directly  Just  as  the  tooth-sac  of  the 
second  tooth  absorbs  the  roots  of  the  deciduous  tooth. 

Waldeyer  has  oome  to  different  conclusions  with  reference  to  this 
process.  In  Strieker's  Handbook,  (p.  337),  we  find  the  following 
passage;  Whilst  the  peri])herie  portions  of  the  odontoblasts  con- 
tinual ly  undergo  metamorphosis^  with  disappearance  of  their  nuclei, 
into  a  gelatinous  matrix  which  subsequently  undergoes  calcifica- 
tioOf  their  centric  portions  penetrate  the  hardened  mass  in  the  form 
of  longer  or  shorter  threads,  and  represent  the  first  rudiment  of 
the  dental  fibres.  The  lateral  processes  of  the  odontoblasts  oooa- 
sioii  the  numerous  anastomoses  of  the  dental  fibres  or  of  the  dental 
tnbnle.  Every  odontoblast  commtintcates'  with  the  mpre  deeply 
situated  and  saccessively  enlari^iug  cells  of  the  young  pulp,  by 
means  of  its  pulp  process,  ho  that  when  an  odontoblast  is  calcified 
np  to  the  base  of  the  fibre  another  occurs  in  its  plaoe  without  any 
interruf>tion  to  the  continuity  of  the  fibre.  Hence  every  dental 
lubuK'  ^vi  Ui  its  luiuslomoseH  must  be  regarded  as  formed  of  several 
continuous  odontoblasts.  The  hiyers  of  matrix  iuuucd iately  sur- 
rounding the  fibres  undergo  conversion,  as  appears  from  tlieir 
chemical  chr^racter,  into  elastic  tissue  and  form  the  dental  sheathe 
of  Neuiiiuiui.  It  liiLS  not  yet  been  ascertained  whether  they  also 
undergo  Ciileiiieatioa.  Thus  it  a{)pears,  that  the  ilentine  with  all 
its  constituents  proceeds  from  (»d()iit<)l>last.s  that  have  become 
rnetauiorphosed  in  their  form  and  chemical  cuinpo.sition." 

There  seem  to  be  several  objections  to  this  view. 

In  the  first  place  if  we  do  what  Waldeycr  asks  us  an<l  imagine 
the  pr<x)ess  to  take  place  as  he  descrilws  it,  let  every  <t(lMiii  >l>last 
have  a  pulp-process  aiialorrdtis  to  its  tleiilinal  [iroee.NS—!  which  I  have 
failed  to  Hiul  and  others  iiail  to  mention) — imaiiine  the  nuincrous 
nuclei  to  disappear,  the  rearrangement  of  the  eeli-pro<  c>s(  -  ol  the 
piiip-cells  intc*  the  tubiile-network  of  the  dentine,  the  metaniorj>ho>is 

liie  bodice  of  tlie  puljt-cell.s  into  deiifirial  niatrix,  havin»jf  done 
that,  would  we  then  after  all  liave  such  a  ti--no  as  we  lind  ilentine 
to  be?  Nei,  we  would  have  a  hard  tissue,  \s  ith  eanal^,  ihtu  could 
they  have  the  regularity  of  tiie  dentinal  tubules?)  and  bupplied  v<'ry 
richly  Avitli  bloodve««els  sometliinjj^  like  verv  va'^enhar  hone.  Wal- 
deyer  quitt;  ibrgets  to  di^^pose  of  his  vcbsciis  uud  they  arc  prc^scnt  iii 
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great  abundance.  Nor  woold  thej  disappear  by  mere  oonversion 
of  the  pulp-oells  Into  gelatinous  matrix  and  Neumann's  sheaths. 

Farther,  if  such  a  direct  transformation  of  the  pulp  took  place 
one  might  expect  to  find  evidences  of  the  £>rmer  pulp-structure  in 
the  final  dentine ;  this  has  so  hr  not  been  demonstrated. 

In  the  third  plaoci  if  the  outgrowths  of  the  dentine  took  place 
ought  we  not  to  see  the  deposition  of  dentine  between  the  odon^* 
toblasts  along  their  sidesi  and  ought  we  not  to  find  dwindlintr 
odontoblasts  or  evidences  of  disappearance  of  their  nuclei,  as  well 
as  pulp-oells  which  were  being  changed  into  odontoblasts  to  take 
their  place;  finally,  ought  there  be  that  tendency  to  8e|iaration 
between  odontoblasts  and  the  remainder  of  the  pulp  which  cer- 
tainly exists? 

What  we  really  find  is  the  newly  produced  dentine  ilepo.sited 
as  a  homogeneoQs  coating  on  the  calcified  dentinci  without  any 
evidence  whatever  of  one  portion  being  the  metamorphosed  odon- 
toblast and  of  the  other  being  another  changed  celt. 

If  it  could  however  be  shown  that  there  was  a  very  intimate 
union  between  the  odontoblasts  and  pulp,  and  if  the  odontob!a.s(s 
which  Waldeyer  figures  were  the  typical  ones,  this  would  speak  iu 
favor  of  his  view. 

It  is  of  course  difficult  to  give  convincing  proof  of  such  processes 
as  we  cannot  watch  during  their  occurrence;  all  we  can  see  is 
the  machine  at  rest.  It  seems  however  to  me  that  tlnre  are 
more  difficulties  connected  with  Waltieyer'a  than  with  KoUikt.r  s 
theory'. 

Tlierp  is  one  ]>oint  however  in  Kolliker's  description  with  which 
I  cannot  a*^ro(*,  ii  iuicly,  the  loi-tiuitioii  of"  tlic  side  tulmlcs.  He 
says:  "The  liiu-r  processes  ol  the  dentinal  fil)ril  are  not  pre><'iit 
when  the  dentine  is  first  formed  and  must  be  h>oke(l  upon  as 
secondary  formations,  just  as  those  of  the  lacunae  of  hone." 

This  jutint  will  be  better  discussed  when  the  lormuliun  of  the 
Uii:>e(>u.*>  tissue  is  under  consideration. 

II.  Osseous  Tissue. 

Jn  the  investigations  of  the  formation  of  osseous  tissue,  the  long 
bones  of  kittens,  newly  born  and  of  more  advanced  age,  were 
chosen,  ami  tiie  ealt  's  teeth  illustrating  the  formation  uf  eeiuentum, 
which  I  include  here  under  bene.     Embryonic  bones  of  sheep 
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and  calvee  were  also  used,  and  the  tiasaes  were  treated  esaeiitiall^ 
as  were  the  teeth  for  the  study  of  the  development  of  dentine. 

Figure  5,  Plate  V,  represents  a  longitudinal  section  of  a  kitten's 
femur,  passing  through  bone  and  the  outside  periosteum.  The 
following  are  the  points  that  are  to  be  distinguished  and  taken  into 
consideration,  (a)  is  the  fully  developed  bone  substance;  in  it  we 
recognize  the  lacunae  and  canalicuH.  The  latter  (the  canaliculi) 
we  cannot  see  in  the  pink  zone  (6)  although  two  lacunae  happen  to 
be  therein^  in  this  specimen.  In  the  mh  parts  on  the  outside  of 
the  bone  we  find  an  outer  part,  which  is  distinctly  fibrous, — (treat- 
ment with  strong  acids  indicate  that  the  fibres  are  elastic  enveloppti 
in  a  gelatinous  homogeneous  siihstaiu'c)  aiul  an  inner  |>art  (c)whieU 
abounds  in  (young)  cells  and  wliicli  shows  hut  lanit  librillatioji : 
(«)  i?^  a  pink  zone  similar  to  (6)  and  adjoininir  an  Haversian  canal, 
in  the  lumen  of  wliicli  there  appear  also  a  group  ot'eells  similar  to 
(c).  Tlie  soil  tissue  surrounding  the  bone,  blends  with  it,  merges 
or  passes  into  it,  and  we  lail  to  see  here  such  a  schematic  arranife- 
ment  ol  cells  (typical  osteoblasts  as  tiiey  are  ilescrihcd  in  the  hooks) 
and  whicli  we  are  led  to  expect.  The  spec! men  was  mairnilied 
ahout  5()0  diameters  (Gundl.  V.  Jiyep.  llij,  and  reduced  iu  the 
drawing. 

(2)  .  Scraping  the  Hurlaee  of'sneli  a  I)one,  which  lias  been  l\ept  in 
bichromate  ot"  pi  i  i--  solution  after  the  periosteum  is  removed,  we 
get  these  (covering  ceils  off  the  bone  in  a  very  natural  condition,  and 
Figure  6,  Plate  V,  shows  some  ol'  them.  They  ar(>  all  nucleated, 
which  can  be  demonstrated  by  the  aid  of  acetic  acid.  The  nucleus 
was  not  apparent  on  all  when  the  drawing  wa«  made.  Genera! I v 
short  processes  are  seen,  and  the  drawings  show  the  coarser 
ones.  Fiuer  procefises  would  of  course  be  very  apt  to  be  broken 
off. 

(3)  .  Figure  7,  Plate  V,  is  a  section  through  part  of  the  root  of 
a  calf's  tooth  showing  the  cemeutum  and  pericenientura.  We 
ol^rve  here,  as  in  the  kitten's  femur,  the  calcified  tissue  with  its 
lacunae  and  the  processes  from  these  and  a  very  broad  zone  of 
nncalcified  oementum  with  numerous  lacunae,  no  canaliculi  how- 
ever are  apparent  to  the  eye;  just  as  in  the  layers  6  and  e  from 
the  kitten's  femur.  As  in  the  periosteum,  we  find  an  inner  finely 
fibrillated  part  of  pericementum,  rich  in  cells,  and  an  outer  with 
coarsar  fibres.  The  union  of  the  enveloping  parts  to  the  tooth  is 
also  very  intimate.   (In  parenthesis  I  maj  remark,  that  in  speak- 
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ing  of  fibrillated  or  fibrooB  tiasae  I  am  asing  only  deicriptive 
language  \  fibres  and  tobales  are  not  so  easily  distingoished). 

(4)  .  Figure  8,  Plate  is  a  highly  magnified  drawing,  a  por- 
tion of  a  transverse  secUon  of  a  femitr  of  a  kitten  some  months  old. 
Tbe  bones  had  been  remaining  in  the  staining  fluid  a  long  time,  and 
thus  one  point  of  importance  is  broaght  out  plainly.  While  in 
Figure  5,  as  well  as  in  Figure  7,  we  see  the  pinlc  zone  quite 
homogeneous,  we  j>eroeive  here  that  darkly  stained  lines  pass 
through  it  which  we  may  be  allowed  to  interpret  as  the  fiitara 
canalieuli. 

(5)  .  Treatment  of  such  a  section  as  shown  in  Figure  7  through 
the  tooth,  with  strong  muriatic  acid  brings  out  other  important 
&ct8.  The  strong  acid  will  here  as  elsewhere  dissolve  tbe  homo- 
geneous gelatinous  ground  substanoe,  it  does  this  in  the  calcified 
part  as' well  as  in  the  pink  aone,  and  in  so  doing  brings  to  light 
in  the  pink  sons  a  network  of  fibres  and  tubules  corresponding  to 
the  oenaliottlar  network  of  the  calcified  oementuro.  In  iaot  after 
treatment  with  acid  the  calcified  and  uncalcified  layers  become 
one;  the  wails  of  the  tubules,  as  in  dentine,  evidently  correspond 
to  a  substance  of  the  nature  of  elastic  fibre. 

The  same  observation  can  be  made  on  the  bone  and  perioBteurn. 
Acid  shows  that  the  pink  zone  is  not  homogeneous,  alth<>u>:h  it 
appears  so  to  the  eye.  In  the  bone  and  periosteum  another  fact 
is  brought  out  by  this  reagent.  vVtur  it  lias  acted  some  time 
glistening  fibres  make  their  appearance  in  the  periosteum  and,  by 
pressing  on  the  covera^laas,  one  can  make  out  that  some  ot  these 
periosteal  fibr^  euLtr  tlie  i)oiie. 

Takiiii;  all  these  facts  into  considfration  one  ma.y  form  the  fol- 
lowing conception  ol"  the  proec^j^s  tai^iiisr  place  here  on  the  outside 
of  the  hone,  or  wherever  h(uie  is  formed,  and  on  the  root  of  the 
tootli.  The  cells  in  the  deep  hiyer  of  the  jxiriosteum,  or  of  the 
pericementum,  nuihij>iv  an<l  lorm  hio<id  vessels;  as  they  do  so  they 
remaiti  in  «"(>nii( fiion  will*  tiieir  mother  cells  and  in  all  prohahility 
form  n»'u  eontu'elions  with  neiLrlihoring  cell*?:  these  e>>fiiu„t!ting 
prucfc'rtM>»  aii'uT wards  bccoaie  tlie  eanaliculi.  lu  ilu  jr  vital  jnoc^essea 
these  cells  jointly  excrete  a  gelatinous  maitrial  and  tlie  elastic 
m.  inl Main  s,  which  j)artly  if  not  altogether  produc4?  the  striation 
<»U-»  rveil  in  hone  and  so  plainly  visible  in  eementnm  ;  tiie  newest 
lavcr  presents  itself,  when  treated  in  iIm'  way  indicati'd,  as 
the  pink  zone ;  as  the  cciis  secrete  layer  upou  layer  tliey,  as  a 
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whole,  are  carried  outward  further  away 'from  tlio  finiHhed  booe- 
subi=;taiioe.  Some  of  tlie  cells  however,  get  entangleti— so  to  speak— 
in  the  secretion^  and  come  to  be,  in  the  fully  formed  Ixux-,  the 
lacunae,  (or  at  least  their  contents).  At  the  same  time  as  the  layer 
of  plastic  cells  moves  outward^  secreting  the  l)asis-8uhBtance,  they 
spin  oat,  or  draw  out  their  processes  thns  giving  rise  to  the  caoali- 
cnli.  Although  these  under  ordinary  circumstances  are  not  easily 
reeogniiedi  they  are  already  present  from  the  beginning  and  are 
formed  jMin|xrsstt  with  the  ground  snbstance  of  the  bone.  All  it 
needs  to  make  them  apparent  is  the  infiltration  of  the  newly  formed 
tissue  with  Want  salta. 

One  may  compare  the  snifaoe  of  a  growing  bone  with  that  of  « 
granulating  uloer ;  on  the  surface  proliferation  of  new  cells  and 
formation  of  new  blood  vessels  takes  place  (only  in  the  bone  they 
are  a  wide  network  while  in  an  ulcer  they  fbmi  loops),  and  a  little 
deeper  in  the  deposition  of  new  substance  takes  place ;  in  the  one 
caM  the  typical  osseous  tissue  and  in  the  other  the  cicatricial 
substance. 

The  view  presented  here  on  osteogenesis  allows  alto  enough 
liberty  for  the  formation  of  the  diSerent  varieties  of  bone,  which 
vary,  e.  g.y  not  nnmarkedly  in  the  young  and  the  old,  tlie  character 
of  the  bone  depending  on  the  nature  of  the  fibrillar  or  connective 
tissue  forming  it. 

KoUiker  and  Yirohow  offer  a  diflferent  explanation  of  the  form- 
adon  of  the  canaliculi.  KoUiker  says,  p.  222,  5th  £d.,  1 867,  of  his 
histology :  ''According  to  Virchow's  discovery,  which  I  can  fully 
oonfirm,  these  cells  [the  perio8teaI  cells]  become  stettatf  gi  udually, 
and  are  thus  changed  directly  into  tiie  stellate  bone  corpus- 
cles." 

« 

Virchow  gives  the  following  explicit  account,  p.  469,  Cell.  Path., 
7th  Am.  Ed.:  "The  cartilage  cells  (and  the  same  holds  good  of 
tlie  marrow  tri  Is)  during  ossification  throw  out  processes  (become 
ja<rged)  in  the  .^aino  way  lliat  connective  tissue  cor[)uselt's,  which 
\st  also  original ly  fuund,  do  boih  physiologic-ally  and  patiujlogieally. 
These  processes  which  in  the  case  of  the  cartilaire  cells  are  generally 
formed  after,  but  in  that  of  the  marrow  cells  lieqiientlv  Uelbre,  cal- 
cification has  taken  place,  bore  their  way  into  tlu;  iiiterecllular 
substaoce  like  the  villi  of  llie  chorit)ii  do  into  the  muc«>u~  inein- 
liraiie  and  into  the  vessels  of  the  uterus,  or  like  the  Paehioniau 
graauiatious  (glands)  through  the  caivarium." 
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**  The  cells  which  tbas  result  from  the  proliferation  of  the  peri- 
osteal corpiiscIeB  are  coDverted  into  bone  corposcles  exactly  in  the 
way  I  described  when  speaking  of  the  marrow.  In  the  neigh- 
borhood of  the  sarface  of  the  bone  the  interoellutar  substance  grows 
and  becomes  almost  cartilaginous.  The  cells  throw  out  processes^ 
become  stellate  and  at  last  the  calcification  of  the  intercellular 
substance  ensues." 

A  view  on  the  formation  of  osseous  tissue  differing  from  the  one 
above  worked  out,  is  that  of  M^aldeyer,  which  ifi  gaining  favor 
among  hibtologiHts. 

"Tlie  osteoblasts/'  says  Waldeyer,  "are  the  embryonal  cells 
forming  the  osseous  tissue,  a  portion  of  the  same  (the  nucleus  dis- 
appearing) is  changed  into  a  gelatinons  more  or  less  fibrous  texture, 
wiueh  during  normal  ossification  takes  up  lime  salts  almost  at  the 
same  time;  of  a  certain  proportion  of  these  osteoblasts  only  the 
peripheral  part  of  the  protoplasm  is  thus  changed,  what  is  left 
remains  behind  as  the  niH  Icatid  bone  corpuscle,  imbedded  in  the 
inten.dlular  substance,  like  a  connective  tissue  corpuscle  in  tlic 
substance  of  tendon." 

Alter  describing  the  calcifie<l  cartilage  and  the  chang**??  it  under- 
goes, Waldeycr  <^ivt's  a  (]('S(  i  i|)iion  of  the  parts  in  wliich  the  first 
deposition  of  Ijone  lakes  \t\iu-v  (the  ervpts  of  calcified  cartilage  with 
the  raeduliai,  whirh  swnis  lo  ni^e  true  and  to  lit  into  my  theory 
i'ully  as  well  or  betu  i  iliau  into  his. 

On  p.  oG5  of  the  Archiv  fur  Mikropeopix'lie  Anatomie,  I,  18(15, 
he  makes  a  statement  whieh  1  caiuiot  hrinij;;  in  harm(»ny  with  his 
Figure  2.  lie  sayii:  "At  the  time  when  the  first  bone  substance 
is  deposited  upon  the  cartilaginous  fratnewurk,  tlicre  is  not  the  tniee 
of  a  separation  to  b**  observed  between  the  osteoblasts  and  the 
medullary  tissue.  Tliis  occurs  later,  when  a  very  distinct  stratum 
ol'  bone  is  <lej)o-it«'<]," 

Hut  on  lookin;^  at  the  drawing  we  see  a  marke<l  diHerem-e 
between  tlie  tilnous  tisane  in  the  centre  of  the  cavity  and  tin'  hiver 
ot'  " o>teol)lasts "  lininjT  the  walls  of  calcified  cartilage,  no  bone 
liavinL'  a-  vet  been  laid  down  tliere. 

\^';^hiever  continiies  liis  arL'nnient  thn^:  "It  i<  not  diflfieult  to 
aseertain  Ihtc  already  tiie  curreeti»e?NS  of  my  view  regar<lin<j:  the 
formation  (»!  '  >o<)US  ti«sne,  as  I  expresse<l  it  above.  \\'hih'  the 
lir-i  l)oin^  "ul^tani'e  i»  lormed  the  medullary  spaecs  are  f  lo-^elv 
filled  with  osteoblasts,  tliere  is  no  room  left  tor  any  excretion. 
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excepting  that  at  theMme  time  a  number  of  oateoblaeU  perisb,  which 
caunot  be  assumed,  or  a  booe  substaooe  ought  to  be  formed  studded 
so  thickly  with  lacunae  as  it  is  never  found  to  be  the  case.  This 
fact  makes  it  to  me  veiy  improbable  that  the  ground  substance  of 
bone  is  a  mass  excreted  by  the  osteoblasts." 

The  examination  of  thc^  r^ions  has  never  roused  this  difficnity 
in  my  mind,  and  if  we  again  turn  to  tlie  figures  of  Waldeyer 
himself,  we  find  no  lack  of  sjmce,  there  is  amply,  room  in  the 
spaces  produced  by  the  openings  ot"  tlic;  (-irtilage  ct'Us  for  six 
times  as  many  cells  a*,  are  tigured — hence  also  ibr  a  thin  ooatiug 
of  bone. 

Waldeyer  mntinues:  "One  observes  further  that  the  periplitial 
part-  of  the  single  osteobkhU  are  changed,  lousing  their  darkly 
gi  I  mi  111  appearance  ami  applying  themselves  closely  to  the  sinuous 
Willi.-,  <»i  the  medullary  spates.  UiIk  r  osteoblasts  in  the  neighbor- 
Jiood  are  in  eoiuieclion  with  these  moditied  peripheral  layers,  they 
also  with  their  metamorphosed  outer  layers  aj)i)roaehing  tiie  t'onuer. 
The  portion  of  protoplasm  .li  quid  the  nucleus  only  remains  un- 
ohanirc*!.  I  take  this  change  uf  the  peripheral  strata  for  the  ex- 
presaiou  oi  a  metamorphosis  into  glue  yielding  subtttaoce,  which  at 
once  takes  up  the  lime  salts." 

Looking  at  the  lii^ures,  T  fail  to  see  anv  indieations  of  such 
processes,  especially  cuu  1  not  distinguish  between  unchanged 
osteoblasts  ami  such  as  are  dwindling,  their  bodies  being 
changed  into  gelatinous  suV)stance.  Keading  this  description  one 
would  also  think  that  the  deposition  of  new  osseous  substance  was 
taking  place  all  around  the  cells,  around  each  individual  cell,  and 
that  the  substance  was  immediately  calcified  ;  in  fact  one  would 
expect  a  tissue  somewhat  like  cartilage.  But  neither  is  the  case, 
neither  the  laying  down  of  bone  substance  around  individual  cells 
nor  the  immediate  calcification.  The  new  layer  is  in  sections  and 
always  forms  an  uncalcilied  seam,  in  which  here  and  there  a  "cell" 
is  found. 

Although  there  are  disadvantages  connected  with  the  carmine 
method^  as  i^bove  described,  yet  there  are  some  facts  brought  out 
by  it  very  well;  and  the  individual  steps  of  the  processes  can  I 
think  be  better  followed  than  by  the  chromic  acid  metho<l.  Using 
chromic  acid  and  deealeified  tissue  there  arc  certain  diflerences 
necessarily  obliterated,  which  the  other  method  brings  out,  and 
which  are  apt  to  make  a  strong  impresaion. 
6 
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That  the  cells  alter  in  oharaoter  would  be  not  easy  to  prov^ 
as  it  depends  on  very  slight  ehanges  in  site,  and  the  greater  or  less 
amount  of  granules,  but  if  it  should  be  the  ease,  this  &ct  would 
fiivor  the  theory  supported  in  this  paper  very  well  indeed,  as  I 
shall  show  further  on. 

So  does  also  the  fact,  that  the  eells  in  spedmeos  which  have 
been  brushed,  are  partly  free,  partly  adherent  to  the  bone  by  their 
processes. 

Waldeyer  further  points  out,  that  the  cells  inclosed  in  the 
oeaeous  substance  are  smaller  than  the  osteoblasts,  and  says:  ''If 
we  find  however  cells  in  formative  action,  it  is  difficult  to  conceive 
how  they  can  efleotually  perform  their  functions,  and  at  the  same 
time  undergo  atrophy/' 

This  difficulty  can  easily  be  overcome  by  the  examination  of 
gland  cells  whidi  have  been  resting,  and  such  as  have  been  made 
to  secrete  very  actively;  the  former  we  find  large,  plump,  with 
sharp  outlines;  the  latter  small,  shrunken,  shrivelled,  their  out^ 
lines  difficult  to  make  out  We  see  here  that  cells  which  are 
secreting  actively  shrink  very  markedly ;  and  might  audi  a  chauge 
not  have  been  expected  ? 

I  said  above  that  it  was  not  easy  to  distinguish  with  certainty 
minute  differen«^  in  sisse.  To  support  this  statement,  1  would 
call  attention  to  a  figure,  by  Klein,  in  Sanderson's  Handbook,  a 
transverse  section  of  a  femur  from  a  human  foetus,  treated  with 
chromic  a(  i<]  ;  I  do  not  think  that  any  one  can  perceive  any  ditfor- 
t'lice  in  size  between  the  cells  lining  the  medullary  spaces  and 
tiiohe  inclosed  in  the  lacunae. 

To  explain  the  process  as  takini;  })lace  beneath  the  periosteum, 
Waldeyer  adduces  a  cross-section  of  a  fcetal  Tibia,  (Plate  XXll,* 
Fijrure  5) — at  {(i)  we  are  to  see  osteoblasts.  I  have  serioub  doubts, 
however,  if  at  tliis  ))lacc,  and  others,  where  Waldeyer  thinkn  ileposi- 
tion  of  new  osiacons  tissue  is  taking  place,  ^Ac  opposite  is  noL  occur  ling^ 
namely^  the  ahsorjjfion  of  ike  bone.  Tliere  is  a  jE^ood  deal  of  evi- 
dence that  the  latter  is  the  case,^ — the  jagj^ed  outline  and  character- 
istic exciivations, — while  there  is  no  evidence  at  all  that  formation 
is  just  now  taking  place  there.  First  there  ou^ht  reasons  to  be 
given  that  formation  is  going  on  there  at  all  before  the  specimen 
is  used  tor  demonstratioa.   Treatment  of  the  material  with  ciirmioe 
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in  the  way  described  shows  at  once  where  exraviiiion  and  absorp- 
tion is  goin^  on,  where  deposition  of  new  bone  is  going  on,  and 
where  the  soft  parts  covering  the  osseous  tissue  are  at  rest. 

The  view  here  favored  agrees  with  Kolliker's,  excepting  as 
regardis  the  tbrniation  of  the  canaliculi,  and  probably 'agrees  with 
Gegenbaur's,  (whwe  writings  1  have  not  had  o[)portunity  to  ex- 
amine) if  X  may  tbrm  a  judgment  from  scattered  rdereaces. 


DESCRIPTION  OF  PLATE. 

FlOUBf  1, — Section  through  root  of  c-ulf ijifi^or  a,  pulp  ;  6,  nncal- 
cified  dentine;  c,  deuiino ;  rf,  ceraenlum ;  e,  uocalcilied 
cemeutum ;  /,  perioemeutuiii. 

FlGUmx  2. — Section  through  pulp,  odontoblasts  and  dentine ;  calf's 
incisor,  a,  dentine;  b,  uncalci&ed  dentine ;  c,  odouto« 
blasts ;  d,  pulp. 

FiQURB  8. — Odontoblasts  from  calf's  tooth. 

FiGUBB  4.— PDljH^ens  from  same. 

I*  itiUHJi  5. — Section  through  femur  and  periosteum ;  kitten  at  birth. 

a,  fully  formed  booe  j  h  and  e,  uncalcified  bone;  c,  lajer 
of  cells  fonningr  bone ;  d,  oater  periosteom. 

yjGLHE  G. — O.>lcobliists  ;  eal'b  bone. 

Fiau&B  1.— Section  throuph  cementum  and  pericfmoninm  of  call's 
tooth.  a,  cementum;  h,  niiculciticil  cemctituni;  c, 
cementum  forming  cells ;  d,  outer  part  of  cementutn. 

Piacai  S. — Section  throogh  feraor,  kitten  3-4  months,  deeply  stained. 

All  drawings  except  Fignre  1  were  made  nnder  Goodlach  Y.  Oe.  3, 
and  redoced. 
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THE  FIRST  ZOSA  OF  FOBCELLAHA.    B7  W.  K. 

BROOKS  and  E.  B.  WILSON.   With  Plates  TI  and  YII. 


Since  1835,  when  Thompeon  obtained  the  larva  of  a  British 
species  of  Poroellana  from  the  egg,  this  veiy  remarkable  soeft  has 
frequently  attracted  the  attention  of  natoralists,  and  we  now  have 
quite  an  extensive  list  of  papers,  giving  a  satisfactory  aooonnt  of  the 
structare  of  the  advanced  soea,  and  of  its  transformation  into  the 
adult  crab.  The  bibliography  of  the  snbjeet  is  given,  at  lengtli, 
in  a  recent  paper  by  Faxon,  (On  some  jonng  stages  in  the  devel- 
opment of  Hip]m,  Poreellana  and  Pinnixa.  Bulletin  of  the 
Museum  of  Comparative  Zoology,  at  Harvard  College,  Vol.  V,  No. 
11,)  and  it  seems  unnecessary  to  duplicate  it  here. 

Most  of  the  observers  who  have  studied  it  started  with  the  ad* 
vanced  soea  which  is  frequently  captnred  with  the  hand  net  at  the 
surface  of  the  ocean,  and  the  few  papers  which  notice  the  early 
stages  of  the  larva  were  published  so  long  ago,  that  a  minute 
account  of  the  young,  as  it  leaves  the  egg,  is  still  lacking. 

Daring  the  latter  part  of  June,  1880,  we  obtained,  at  the  roaririe 
laboratory  of  the  Johns  Hopkins  University,  at  Beaufort,  X.  C, 
a  female  hpeeimen  of  Poreellana  ocelkUOf  Gibbes,  with  eggs,  wliich 
we  suet*ce<Je(l  in  keeping  alive  and  in  good  condition  until  the 
eggs  liatclioti,  and  we  were  thus  supplied  with  an  abundance  of 
Djaterial  iur  ^tudying  the  early  stages. 

As  all  the  members  of  the  party  were  at  tlie  tiino  tully  occupicii 
with  other  work,  we  undertook  to  study  the  larvu  together,  an<i 
to  make  as  niany  noteh  and  drawings  of  the  early  stages 

This  paper  it;  therefore  the  result  of  our  combined  ohservatir.ns, 
but  tilt'  work  of  copyiiiif  the  original  drawings,  and  of  pre|)au"iiig 
the  desrript inn  ha-  b.  t.ii  done  by  W.  K.  Urooks.  In  the  explniia- 
t'um  ot  tlie  figures  tlie  author  of  the  drawing  whieh  was  enpird  i^, 
named  in  each  case,  aUhou^li  in  ntMrly  every  case,  the  acmiacv  of 
the  (il>-»'r\  ation  was  verilied  by  an  independent  drawing  by  the 
otlier  observer. 
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The  larva  iniiiicdiutt'ly  after  its  owcape  from  the  esrc:,  is  shown 
in  Plate  VI,  FiL'ure  1.  It  is  able  to  ri.se  frorti  the  Ixutoin  and  to 
swim  a  liule  by  Happing  its  abdomen,  but  until  llu-  iirxt  moult  it 
spends  most  of  its  time  lying  nearly  motionlesH  ii|>(hi  the  bottom. 

The  carapace  makes  a  little  more  than  two-fifths  of  liie  total 
length  of  tlie  body,  and  is  tbided  U|)on  itself  in  such  a  way  as  to 
form  a  well  (U'Hned  transverse  band  running  across  its  dorsal 
siirtace  near  the  posterior  edge.  The  posterior  spines  of  the  cara- 
pace do  not  seem  to  he  at  all  invaginateii,  ljut  ihey  are  very  mucli 
convoluted  ajid  wriid<led,  and  their  free  extremities  are  bent 
forwards  under  the  jMjstenor  edge  ol  the  earnpace.  Hetweon  the 
eyes  the  anterior  enfl  of  the  earapaoe  toi  ins  .i  pr«»tui)erant  rounded 
front,  and  tlie  convoluted  and  wrinkled  rostrum  is  bent  down 
towards  the  ventral  surface.  The  eyes  lie  in  deep  notches  on  the 
anterior  edtre  of  the  carapace,  and  they  appear  to  be  movable, 
although  the  stalks  are  very  -li  «rt. 

The  third  pair  of  niaxillipeds  are  small  aixl  rudimentary,  svhile 
the  tirst,  Mp,  and  second,  Mj/^  pair>  are  well  developed,  aliliougi) 
their  locomotor  setje  are  not  vet  protruded,  and  the  limbs  are  jiot 
moved  Ijiit  remain  constantlv  in  the  position  which  is  shown  in  the 
figure.  The  abdomen  lias  five  free  movable  somites,  besides  the 
sixth  which  is  not  separated  from  the  telson,  T. 

The  pit'nient  is  more  oonsj)icuous  at  this  time  tlian  during  the 
«fngfs  which  tbllow,  and  consists  ot'  a  number  of  pretty  constant 
hri»:ht  red  spots.  One  of  them  is  on  the  basal  pftrtion,  and  one  on 
tile  tla-feUum  of  the  seeon<l  ant(Mina,  one  on  the  niandii)lc,  M,  one 
on  the  ba.sal  joint  of  the  first  maxilliped,  two  on  the  basal  joint  ot  the 
second  and  one  on  the  third,  as  well  as  one  about  half  way  between 
the  base  and  tip  of  the  second;  there  is  a  long  dendritic  spot  on 
the  posterior  edge  of  the  first,  the  second,  the  third,  and  the  fourth 
abdominal  somite,  and  a  pair  of  spots  on  the  telson 

The  whole  surtiice  of  the  body  is  covered  by  a  delicate  embryo- 
nic cuticle,  which  is  too  transparent  to  be  visible  with  the  magni- 
fying power  under  which  Figure  1  was  drawn.  This  cuticle 
Qonlbrms  to  the  outline  of  the  body  except  on  the  two  pairs  of 
•Dtennn  and  the  telson.  It  will  be  described,  in  detail,  later,  in 
theaoQount  of  the  appendages. 

Some  of  the  larvie  free  themselves  from  it  within  a  couple  of 
hours,  and  assume  the  form  shown  in  Plate  VI,  Figure  5,  while 
others  do  not  €9cape  from  it  until  nearly  or  quite  twenty-four  hours 
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aAer  they  leave  the  egg.  AfVer  this  first  raoolt  the  stalks  of  the 
eyes,  (see  Figure  5),  elongate,  the  fold  at  the  posterior  edge  of  the 
carapace  is  stretched  out  so  that  the  latter  is  now  about  half  as 
long  as  the  whole  bodj ;  the  rounded  front  disappears,  and  the  ooo- 
volutions  and  wrinkles  of  the  rostrum  and  spine  are  no  longer  seen, 
although  these  processes  are  still  rolled  up,  as  shown  in  the  figure. 
Figure  6  shows  them  as  they  appeared  in  the  aoea  which  was 
drawn,  but  the  form  of  the  bends  is  not  at  all  constant 

The  swimming  haim  on  the  first  and  second  maxilHpeds,  Mp^ 
Mp'i  are  extended,  and  these  appendagt^b,  as  well  as  the  telson, 
are  now  used  as  locomotor  organs.  Spines  have  now  made  their 
appearance  upon  the  posterior  edges  of  the  third,  fourth  and  fifth 
abdoniinal  !^()inite.s,  unci  the  rostrum  and  processes  of  the  carapace 
are  covered  with  short  luiirs. 

In  from  one  to  two  d;iys  a(\er  hatehiiio:  the  rostrum  and  pro- 
ce?8(*s  bi'CDJiu'  rxtciidcd,  as  in  Plate  \MI,  Fio^ure  8,  »nd  the  zcjea 
assumes  the  lain i liar  iurui  \vl»icli  has  h&dsx  tiescribed  and  liguretl  by 
many  obfeervem 

Tke  Appendaget: 

The  first  antenna  of  the  newly  hatched  larva  is  shown  in  Plate 
YI,  Figure  2,  and  that  of  the  fully  developed  aoea  in  Plate  VXIy 

Figure  3. 

In  the  first  stage  it  is  covered  by  the  delicate  embrj'onic  skin, 
whicli  lullowa  the  outline  of  the  appendage  very  closely,  except  at 
the  tip  vviicre  it  is  produced  into  two  long,  l)road,  flattened,  pointe<i 
setflB,' which  are  frinjjcd  with  smaller  hairs.  These  strnctures, 
which  seems  to  in-  swimming  hairs,  are  not  presoiil  in  the  zoea 
after  the  moult,  but  ill  the  first  stai;o  ilie  antenna  rai  l  ies  a  single 
stuut  sensory  hair  which,  as  sliown  in  I'latt*  VI,  l*'ii:ure  2,  extends 
into  one  of  the  swimming  hairb,  more  than  liali'vvay  to  the  tip.  After 
tbe  moult,  Plate  VII,  Figure  3,  the  appendage  ends  in  a  number  of 
long  Munt  s«M»sory  hairs,  l'n>ni  the  bases  of  which  tine  fibres  run 
dowiiwanl>  to  a  large  cluli-sliaped  granular  mass,  wiiich  appears 
to  1)1'  ;;an[rlionie  in  nature. 

1  lit  >(  coijd  antenna  is  shown  before  the  moult,  in  Plate  VII, 
FiL^irr  l.and  aiier  the  uiuult  in  IMatt-  VII,  Fiirurc  2.  Itisessen- 
tiallv  alike  in  l"<tfi  stages,  but  beforo  the  n.ouU  ia  loosely  invested  by 
tlic  I  nil>r\  (tnic  skin,  which  is  luose  and  much  larger  than  the  true 
appendage,  it  consists  of  a  swollen  basal  portion  rf,  which  carries 
a  short  pointed  external  brunch,  and  a  longer  internal  branch. 
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The  mainiililes  and  maxilla}  are  shown  before  the  moult  in 
Plate  VII,  Figure  7,  and  after  the  moult,  in  Plate  VI,  Figures  3, 
4,  and  Plate  VII,  Figure  5. 

In  the  first  stage,  Figure  7.  Plnte  VH,  the.^o  ihrvo  appendages  are 
folded  toirether,  and  covered  by  the  embryonic  skin  whioh  is  nearly 
conforrnahle  to  llieir  siirfaei',  ahlioii2"li,  an  sliown  by  the  light  outer 
line  ill  tlie  figure,  it  does  not  follow  all  the  folds.  No  trace  of  a 
palpu:*  could  be  discovered  on  the  mandible,  and  the  hairs  at  the 
tip  of  the  niaxillse  were  almost  completely  invaginated  into  the 
appendages. 

After  the  moult  these  three  [mir.s  of  appendages  heroine  func- 
tional, and  have  nearly  the  adult  character.  Tiie  mandddes, 
Plate  VII,  Figure  6,  and  Plate  VI,  Figure  6,  J/,  are  not  exactly 
alike,  but  exhibit  that  slight  departure  from  bilateral  Rvnirnetry 
so  frequently  found  in  these  appendajzes.  No  trace  ol"  a  mandibular 
palpus  could  be  found,  althou^'h  there  was  a  small  area  whore  the 
integument  had  been  broken  in  each  of  the  two  specimens  which 
were  dissecte<] ;  and  as  this  area,  shown  in  the  tigure,  was  at  the 
same  place  in  both  cases,  the  fracture  may  have  been  produced  by 
die  removal  of  a  palpus. 

The  first  maxilla,  Plate  VI,  Figure  3,  and  Figure  6,  Mx^  consists 
of  a  two-jointed  basal  portion,  a,  b,  with  stout  cutting  hairs,  and  a 
slender  endopodite  e,  which  in  one  specimen  ended  in  two,  and  in 
another  5:pecimen  in  three  long,  slender,  irr^ularly  plumose  hairs. 
The  distal  joint,  6,  of  the  basal  portioo  carries  upon  its  cutting 
edge,  one  row  of  five  stout  spines  and  a  second  row  of  four  slender 
spines  parallel  to  the  larger  ones.  In  the  specimen  figured,  the 
proximal  joint,  a,  was  twisted  so  that  its  inner  surface  was  shown, 
and  the  posterior  edge  is  therefore  the  one  at  the  loft  of  the  tigure. 
It  carries  five  long,  stout,  plumose  spines,  and  at  the  posterior 
angle  of  its  cutting  edge  a  single  spine  without  8ef^>tvlary  hairs. 
No  trace  of  an  eiopodite  or  scapbognathite  could  be  delected  in 
this  appendage. 

The  second  maxilla,  Plate  VI,  Figure  4  and  Figure  6,  Mx\  con- 
sists of  a  three-jointed  basal  portion  with  short  stout  hairs ;  a  two- 
jointed  endopodite,  fr,  with  longer  hairs;  and  a  long  flat  exojKtdite, 
e,  with  five  long  hairs  at  its  distal,  and  a  long  plumose  flagellum, 
d,  at  its  proximal  end. 

In  the  first  stage,  the  first  and  second  mazillipeds,  Plate  VI, 
Figoie  1,  Mp,  Mp\  are  fully  developed,  although  the  presence  (»f 
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the  embryonic  skin  prevents  the  extension  of  the  locomotor 
hftirs. 

Id  Figure  1,  the  rudimentaiy  third  raazilliped  is  shown  behind 
the  base  of  the  second. 

In  Plate  VII,  Figure  4,  the  third  maxilliped,  e,  is  shown,  more 
highly  magnified,  lying  in  the  same  series  with  the  bases,  a  and  6, 
of  the  first  and  second.  A  fourth  appendage,  no  doubt  the  first 
pereiopod,  is  also  represented  at  this  stage  by  a  bud  or  rudiment, 
df  and  the  appendagt^,  6,  e,  and  d,  are  furnished  with  little  buds, 
which  would  seem  to  be  rudimentary  gtUs.  AAer  the  moult  we  were 
not  able  to  detect  either  the  appendage,  d,  or  the  gilUlike  processes. 

After  the  embryonic  skin  is  moulted,  the  locomotor  hairs  of  the 
first  and  second  mazillipeds  lengthen  and  these  appendages  become 
functional,  while  the  third  pair  remain  rudimentary.  Figure  6, 
Plate  VII,  shows  the  first  and  second  mazillipeds  soon  after  the 
moult,  and  hardly  calls  for  explanation. 

The  embryonic  skin  conforms  doeely  to  the  suriace  of  the  ab- 
domen and  telson,  altboagb  it  appears  to  have  no  trace  of  a 
division  into  somites. 

Figure  7  of  Plate  VI  shows  one-half  of  the  telson  of  Figure  1 
before  the  embryonic  skin  is  shed.  A  comparison  with  Figure  6, 
Tf  will  show  that  the  great  difference  wliich  has  been  pointed  out 
by  Faxon  and  others  between  the  telson  of  the  embryonic  skin  and 
that  of  the  zoea  in  the  ordinary  crab,  does  not  occur  in  Porcellana, 
but  that  the  two  are  hore  nearly  alike. 

Tlie  Hve  pairs  of  lonp^  swimminLr  hairs  of  tlie  zoea  are,  before  the 
iiiuiilt,  about  iialt'  iiivu^matt'd,  and  the  extended  [mrtion,  Plate 
Figure  8,  in  linely  plumose.    Tlie  hairs  of  the  embrvoui(;  euiicle 
are  much  stouter,  and  their  edges  are  not  plumose,  but  they  agree 
with  those  of  the  zoea,  in  numl>er  and  arrangemeni. 

The  outer  hair,  or  maro-inal  spine  of  the  telson,  has  the  same 
appearance  before  the  moult  that  it  has  afterwards. 

EXPLANATION  OF  THE  FIGURES. 
PLATE  VI. 

FlOVBB  1.— Zoea  immt'diMtcly  after  its  es('ai)e  from  the  ep-^r  sc^^n  from 
the  left  side.    Froiu  a  drawing  by  W.  K.  lirouks. 
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FIOUBV  1. — Continued 

A,  6rbt  unttiiiia  ;  An,  second  antenna;  JI,  mandible; 
Mp,  first  maxilliped;  Mp'^  second  maxilliped;  li, 
roBtrnm ;  T,  telson. 

Fiouax  2. — First  antenna  of  the  same  lar\  n,  more  highljr  magnified. 
From  a  drawinu"  by  W.  K.  liruoks. 

FiauftS  3. — First  inaxilln  of  tli*-  hirva  shown  in  Figured.   From  a 

drawiii-  l)v  W.  K.  Brooks. 

a,  proximul  joint  of  Ija^al  portion;  6,  distal  joint  of 
b&s&\  portion ;  c,  eudopodite. 

FlQOBX  4. — Second  maxilla  of  the  larva  shown  in  Figure  5.    From  a 

drawing  by  W.  K  Brooks. 

a,  throe-jointed  hsT'^al  portion;  b.  two-jointed  endo- 
podito}  c,  seaphognathite ;  (/,  fia^elitun. 

FlovBB  5. — Zoea,  seen  from  the  right  side,  immediately  after  moulting 

the  embryonic  skin.  From  a  drawing  by  E.  K.Wi!.«?on. 
A,  first  antenna;  An,  second  antenna;  Mp,  first  max- 
illipcd;  Mp',  second  maxilliped;  rostrum. 

FlOOBI  6.— 'Teutral  view  of  the  same  zoea,  one  day  after  monlting  the 
embryonic  skin.    From  a  drawing  bj  £.  B.  Wilson. 
A,  first  antenna;  An,  second  antenna;  L,  labrnro,  3f, 
mandible;  3fp,  first  maxilliped;  second  maxilli- 

ped  ;  Mr,  first  luajdUa;  Mx\  second  maxilla;  R,  ros- 
trum ;  T,  tt'lson, 

FlOUBS  1. — Dorsal  view  of  right  half  of  telson  of  the  larva  shown  in 
Figure  1.  From  a  drawing  by  £.  B.  Wilson. 

FiGUBi  8. — One  of  the  sete  of  Figure  t|  more  highly  magnified. 
From  a  drawing  by  E.  B.  Wilson. 

PLATE  VII. 

FiouBX  1. — Second  antenna  of  the  larva  shown  in  Plate  YI,  Figure  L 
From  a  drawing  by  W.  K.  Brooks. 
a,  embryonic  skin;  b,  external  branch;  c,  internal 
branch ;  d,  enlarged  basal  joint. 

FiOlTEB  2.'H3eoond  antenna  of  the  zoea  shown  in  Plate  Yl,  Figure  5. 

From  a  drawing  by  W.  K.  Brooks.  Letters  of  refer- 
ence as  in  Figure  1. 

FiouBi  8.— First  antenna  of  the  soea  shown  in  Plate  YI,  Figure  5. 
From  a  drawing  by  W.  K.  Brooks. 
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FioifBX  4. — Basftl  joints  of  the  mazUlipeds  of  the  l«rv»  flhowB  in  Plate 
Yl,  Figare  I.   From  a  drawiog  by  W.  Brooks. 
a,  base  of  first  mazilliped ;  h,  base  of  second  maxilli* 
ped;  0,  third  maxilliped;  d,  first  pereiopod;  €,  edge 
of  carapace. 

FIO0RS  5.— Mandible  of  the  loea  shown  in  Plate  YI,  Figure  5.  From 
a  drawing  by  E.  B.  Wilson. 

FraunB  6.^Fir8t  and  second  mazillipeds  of  the  soea  shown  In  Plate 
YI,  Figore  5.   From  a  drawing  by  W.  K.  Brooks. 

Figure  1. — Muudible  and  uiaxiUa  uf  the  larva  showu  iii  Plate  VI, 
Figare  I.    From  a  drawing  by  W.  K.  Brooks, 
if,  mandible ;  i/j:,  first  maxilla;  ifx',  second  maxilla. 

FiauBK  8. — Sidf  VI  I' w  i  f  tlifi  zoea,  one  day  after  moult inj;'  the  embryo- 
uic  bkiu.    From  a  drawiug  by  £.  B.  Wilson. 
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THE  STUDY  OF  HUMAN  ANATOMY,  HISTOBI- 
CALLY  AND  LEGALLY  CONSIDERED.'  B7 

EDWARD  MUSSET  HARTWELL,  H.  A.,  Fallow  of  ih6 
tTo&iic  Eo/pkim  Universiiy. 

Part  First. 

^Practised  architects,  before  they  ventare  in  thought  to  btilld  a 
new  edifice,  to  Atrengthen  an  olrl  one,  or  restore  a  rained  one,  first 
consider  carerully  and  examine  closely  all  the  roinote  parts  of  such 
structures.  80,  physicians,  indeed,  before  tliey  endeavor  to  care 
for  the  human  body  and  preserve  it  from  the  diseastis  which 
threaten  it,  ought  to  know  very  accuratelj,  and  to  a  nicety,  all  the 
parts  of  that  body.  Anatomy,  the  eye  of  medicine,  furnishes  such 
knowle<lge.  Verily,  the  beginnings,  the  foundations,  and  the 
sources  of  origin  of  the  medical  art  are,  without  the  light  and 
vision  of  anatomy,  shrouded  in  thick  darkness;  wherefore,  it  is 
not  inaptly  called  by  Johannes  Montanus,  the  alphabet  of  medi- 
ctne.'^  So  wrote  Rolfincius,  in  his  "Dissertationes  AnatomicsB/' 
publisiied  at  Norenaberg,  in  1656. 

When  we  of  to^y  seek  the  origin  of  this  ''alphabet  of  medi- 
*  cine,"  we  turn  to  the  East,  whence  we  are  accustomed  to  derive 
the  beginnings  of  all  our  arts;  but  we  find  the  history  of  ancient 
anatomy  to  be  almost  a  blank  page.  Priest,  and  law-giver,  and 
people  were  all  averse  to  anything  like  the  dissection  of  the 
human  body.  The  E^ptians,  Hebrews,  Greeks,  Romans,  and 
Arabs,  alike  regarded  with  abhorrenoe  the  mutilation  of  the  dead. 
There  is  abundant  proof  of  this  in  their  laws  and  customs  touching 
burial  and  defilement. 

It  is  said  that  Democritus,  of  Abdera  (460  B.  C),  the  friend  of 
Hippocrates,  was  the  first  to  dissect  the  human  body.  However 

*  Porti<H»  pf  the  following  paper  havo  boon  print«Hl  nlreHdy  in  tho  JourtiHl 
of  the  American  Social  Scii-nc-  A-'^ocitttion ;  tlit^  Boston  Medical  iind  Surj^ical 
Journal  and  tbe  Brooklyn  Annals  of  Anutooiy  and  Surgery.    In  it^  prci>ont 
■  form  it  contains  much  new  m«terlftl;  and  embodies  the  result  of  the  latest 
ststiMict  and  most  recent  legislation  so  &r  as  I  could  ascertain. 
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that  may  be,  it  is  as  the  Laughino:  Philosopher,  and  not  as  tlic 
Father  ol'  Anatomy,  that  he  has  Hilluen(y»d  mankind.  It  was  in 
what  we  loudly  call  "Egyptian  darkness,'  and  tlirough  the  favor 
of  an  euliglitenecl  deispot,  that  the  first  school  of  anatomy  was 
founded  at  Alexandria,  three  hundrt'<l  yeai-o  before  Chritit,  by 
Ptolemy  Sotcr.  "Braving,"  savs  Bouchut,  "all  prejndices,  and 
c()nsi<lerin;r  that  tlie  interests  oi  >ciciice  ou<^ht  always  to  outweigh 
tliuse  of  the  individual,  Ptolemy  authorize*!  the  dissection  of 
human  dead  bodies,  and  himseit'  si-t  the  example  i)y  beginning  to 
disaeet  with  the  physician^  ^^uthered  arounil  liim."  Herophilns, 
and  Era»iatratus,  ins  pupil,  made  the  school  ot"  Alexandria  taiuous 
and  influential;  their  contributionH  to  anatomy  were  t^cnuine  and 
considerable.  ISo  name  worthy  of  mention,  heside  tlieirs,  is  to  be 
found  in  the  history  of  anatomy,  until  we  come  to  that  of  Moadmo, 
Profe>>or  at  Bologna,  who  first  publicly  dis-seetvd  in  Europe,  early 
in  the  tburteenth  century.  Yet,  in  the  interval  between  the  deca- 
dence of"  the  Alexandrian  school,  which  followed  hard  Ujjon  the 
death  ol"  its  Ibunder-s.  and  the  rise  of  the  Italian  schools  of  anatomy, 
Aristotle,  Galen,  Cel-us,  and  the  Arabists,  lived  and  wrote. 
Georj^'e  lleury  Lewes  declares  that  "Aristotle  has  given  no  sin;^le 
anatumieal  descrijiliou  of  the  least  value."  Darerabcri^,  Galen's 
editor  and  translator,  who  says  he  lias  repeated  every  one  of 
Galen's  di.sseclions,  is  convinced  that  he  used  only  the  lower 
animals.  Celsus  expre.s.sed  himself  as  a  believer  in  tlie  utility  of 
human  dissection.  The  medicine  and  surgery  taught  by  the 
Arabs,  at  least  so  far  as  its  auatomy  was  ooaoeroed,  was  borrowed  * 
irotn  the  Greeks. 

Previously  to  the  rise  of  human  anatomy  in  Italy;  Galenisiu, 
finioded  on  the  dissection  of  the  lower  animals,  notably  the  ape, 
dominated  the  known  medical  world,  Galen  had  written  his  "De 
Usu  Partium  Animalium,"  as  a  prose  hymn  to  the  Deity.  The 
hierarchy  commended  his  system  which  was  upheld  as  scientific 
orthodoxy,  alike  by  |>olitical  and  religious  authority;  all  research 
capable  of  contradicting  his  views  was  oondemneil.  The  first 
Ii  ili  in  anatomists  were  quite  content  to  expound  Galen.  One  of 
the  Arabists,  AbdoUaliph,  criticised  the  slavish  dependence  of  his 
contemporaries  on  books.  He  commended  those  who,  like  him- 
s(df,  re|iaired  to  burial  grounds  to  study  the  bones  of  the  dead; 
but  he  seems  never  to  have  dreamed  that  anything  could  be 
learned  from  a  like  scrutiny  of  the  soft  parts. 
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Galciiism  died  hard,  oven  in  Italy  where  it  was  tiret  attacked. 
How  tenacious  it  was  of  lite  is  well  shown  by  Malpiijhi,  who  was 
born  in  1628,  the  year  that  Harvey  first  puhliahed  his  "Essay  on 
the  Motion  of  th«*  Heart  and  Blood.''  Harvey  never  saw  the 
passage  of  the  blood  through  the  capillaries ;  ^^rll})i^hi  discovered 
those  vessels  and  first  demonstrated  the  flow  of  blood  from  the 
arteries  into  the  veins.  Malpighi  writes:  ''In  the  moantimCi  con- 
tentions being  raised  among  studious  men,  especially  the  younger, 
both  practical  and  theoretical,  and  the  new  doctrines  gro win d  uly 
into  more  credit,  the  senior  profes9or»  of  Bologna  were  inflamed  to 
such  a  pitch,  that,  in  order  to  root  out  heretical  innovations  in 
philosophy  and  i  they  endeavored  to  piuss  a  law  wliereby 

every  graduate  should  be  obliged  to  take  the  following  a  l  litional 
dausc  to  his  solemn  oath  on  taking  his  degree,  viz:  'You  shall 
likewise  swear  that  you  will  preserve  and  defend  the  doctrine 
taught  in  the  University  of  Bologna,  namely,  that  of  Hippocrates, 
Aristotle,  and  Galen,  which  has  now  been  approved  of  for  so  many 
ages;  and  that  yon  will  not  permit  their  principles  and  conclusions 
to  be  overturned  by  any  person,  as  fiir  as  in  you  lies/"  ''But/' 
says  Malpighi,  "this  was  dropped  and  the  liberty  of  philosophising 
remains  to  this  day/' 

Practical  anatomy  was  taught  at  Padua  it  ts  said,  as  early  as 
1151 ;  Haeser,  in  the  thtrd  edition  of  his  Geschicte  der  Medecin 
says  that:  in  the  year  1238,  Kaiser  Frederick  II.  ordered,  at  the 
suggestion  of  Marcianus,  chief  physician  of  Sicily,  that  eveiy  five 
years  a  corpse  should  he  dissected  publicly,  and  that  physicians 
and  surgeons  should  be  admitted,  aocording  to  their  rank,  to  the 
dissection/'  It  is  elsewhere  stated  that  Frederick  forbade,  in  the 
code  for  Sicily,  any  one  to  practice  surgery  unless  he  had  been  in- 
structed in  anatomy.  There  is  no  dispute,  however,  that  Mondino 
publicly  dissected  two  subjects  as  early  as  1316;  and.some  writers 
give  1308  as  the  date. 

We  find  many  bulls  of  Popes  and  canons  of  Councils  regarding 
the  study  and  practice  of  physic  and  surgery  by  monks;  from  th% 
time  of  the  Council  of  Laodioea,  in  366  A.  D.,  when  the  priest- 
hood were  forbidden  to  study  enchantment,  mathematics,  and 
astrology,  and  the  binding  of  the  soul  by  amulets,  till  1215,  when 
Pope  Innocent  III.  b  said  to  have  fulminated  an  anathema  against 
bloody  operations  in  surgery.  Although  these  ntteranora  of  the 
Church  are  interesting,  we  pass  them  by  as  being  outside^  the  scope 
of  this  paper. 
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Tlie  edict  of  Boiiiliicc  VIII.,  however,  published  in  1300, 
allected  tlie  progress  of  practical  anatomy,  and  13  worthy  of  note. 
In  12'.M),  Pope  Honiface  VI i  I.  forbade,  under  [>ain  of  exooniuiu id- 
eation, au)  one  to  l>od,  cut  up,  or  dry  the  bodies  of  tlie  dead. 
Such  an  act  he  characterized  us  barbarous  and  al)horrent  to 
Christiao  piety.  Kaynaldus,  in  who»e  "Annales  Ecclcisiaiiici, 
i.ijtae,  1749/' the  edict  of  Boniface  is  loutid,  says  that  such  cus- 
toms "  had  Jil  t  vailed  in  regard  to  those  wiio,  bavins:  undertakeu  a 
pilgrimasre  to  tJie  East,  died  in  foreign  parts;  and  in  onler  that 
then  ifoncii  might  he  freed  from  flesh,  and  so  easilv  enrricd  alK)Ut 
without  the  fear  of  corruption.  And  yet  we  know,"  he  add«, 
*' that  the  body  of  Saint  Luke  was  l)oiled  by  his  friends."  It  is 
hardly  probable  that  Pope  Boniface  directed  this  ed.iet  primarily 
against  anatomy.  Edward  1.,  of  EnH:hind,  directed  that  the  flesh 
should  he  boiletl  from  his  bones  and  that  they  should  be  carried  to 
battle  in  a  l)air  l)y  his  successor,  in  order  to  terrily  his  enemies. 
The  story  of  Doui^hi^  and  the  heart  of  Robert  Bruce  is  iamihar 
to  all.  It  IS  quite  likely  that  Pxtuilac^e  launi'lied  his  anatherjia  in 
order  to  restrain  such  practices  as  these ;  nevertheless,  his  edict 
proved  an  oi)stacle  to  anatomical  stmlics.  Mondino  apologizes 
for  not  making  the  most  exact  study  of  the  b<»nes  of  the  skull, 
saying:  the  bones  beneath  the  basilar  bone  are  not  to  be  clearly 
distinguished,  unless  they  be  boiled  ;  a  sin  which  I  have  .been 
accustomed  to  shun."  FiyrtI,  the  famous  German  anatomist, 
holds  that  the  edict  of  Bonllkce  was  in  force  till  1556,  when  the 
Emperor  Charles  the  Fiith,  the  patron  of  Vcsalius,  ordered  the 
question  to  be  put  to  the  theologians  of  tiie  University  of  Sala- 
manca, Whether  or  not  it  could  be  alJowed,  without  violating 
ooe's  C0D«cience  and  incurring  the  so^idioil  of  criminality,  to  cut 
up  human  dead  bodies? "  Et  respoiidUae  UnwerMtcUemf  Lictr^J' 
says  KolHncius,  quoting  a  still  earlier  writer. 

That  di.ssection  was  oot  universally  banned  by  the  Church  before 
the  Divines  of  Salamanca  ])ronounced  it  lawful,  roay  be  seen  from 
the  action  of  Pope  8ixtus  IV^.^  in  1482.  In  that  year,  in  a  letter 
addressed  to  the  rector,  dootorSy  and  students  of  the  University  of 
Tubingen,  Sixtus  granted  a  special  and  full  dispensation  to  those 
who  should  receive  the  cadavers  of  certain  malefatJtors  executed 
for  capital  crimes  in  aocordam^e  with  the  civil  law:  per  jueUUam 
secularem,"  is  the  phrase  iu  the  original.  They  were  given  per^ 
mission  to  dissect  and  dismember  these  dead  bodies,  inasmuch  as 
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they  desired  thereby  to  render  themselves  learned  and  skilful  in 

the  art  of  medicine,  provided  they  would  bury  in  the  oustomaiy 

maimer  sucli  coademncd  men  after  they  slioiild  be  dissected  and 
dismembered. 

The  Grand  Council  of  Venire,  in  passed  a  decree  ordering 

the  medical  college  of  that  l  ily  to  undertake  a  dissection  once  a 
year.  It  is  claimed  that  in  Prague,  as  early  as  the  foundation  of 
the  University  in  1348,  the  exe<  utionei's  were  enjoined  to  deliver 
the  cadaveru  of  malefactors  to  the  school  of  mnlicine.  Duke 
Albrecht  IV.  imported  an  luilian  anatomist,  nnmed  Galeazzo,  to 
introduce  the  art  of  disMction  into  \'i<  una  ;  where  the  first  anatom- 
,  ical  demon«tratioim  l)elbrc  the  medical  ihcnlty  were  made  in  1401. 

In  France,  as  early  as  137H,  Louis  of  Anjou  {>erraitted  the  sur- 
geons of  Montpellier  to  tnke  tiie  hody  of  an  executed  criminal 
annually  for  dissection.    Charles  tlie  Bad.  of  Navarre  and 

Lord  of  Montyiellier,  ratified  thiH  grant  in  lo77  ;  as  did  Kinj; 
Charles  V'l.  in  13!MJ  ;  and  Kini;  (  liarles  Vll  I.  in  1484,  and  attain 
in  l  it";.  A  similar  ^rant  was  in;uie  in  Sentland  in  1505,  as  we 
learn  irom  the  foUowin^r  exfniet  taken  from  the  Charter  given  by 
the  Town  Council  of  Kdinburgh  to  the  Surgeons'  Company,  July 
1,  1 505,  and  ratified  by  King  James  IV.  in  the  following  year: 
"  And  als  that  everie  man  that  is  to  be  maid  frieman  and  maistcr 
amangis  ws  be  examit  and  })fevit  in  tbir  poyntis  tbliowing  Thatt 
18  TO  SAY  That  he  knaw  anatomea  nature  and  oomplezioan  of 
eveiy  member  In  mania  bodie.  And  in  lyke  wayes  he  knaw  all 
t)ie  vaynis  of  the  saniyn  thatt  be  may  mak  flewbothomea  in  dew 
tyme.  And  als  thatt  he  knaw  in  quhilk  member  the  st^e  hes 
domination  for  the  tyme  for  every  man  aueht  to  knnw  the  natare 
and  subetamse  of  every  thing  thatt  he  wirkia  or  ellis  he  is  negligent. 
And  that  we  may  have  anis  in  the  ycir  ane  condampnit  man  afWr 
he  bedeid  to  mak  anatomea  of  quhairthrow  we  may  haf  experience 
Ilk  ane  to  instruct  others  And  we  sail  do  suifrage  for  the  sonle," 
By  Act  of  Parliament,  32  Henry  VI 11.,  cap.  42,  in  1540,  it  was 
granted  to  the  Barber-Surgeons  of  London  to  take  "yearly  forever 

 four  persons  condemned,  adjudged  and  put  to  Death  for 

Felony  by  the  due  Order  of  the  King's  Highness,  and  to 

aiake  incision  of  the  same  dead  lk)di(  (^r  otherwise  to  order  the 
same  after  their  said  Discretions  at  their  i)leasures,  for  their  fnrtiier 
and  better  Knowle<lge,  Instruction,  Insight,  Le.irnlngi  and  £xpe^ 
nenoe  in  the  said  bcienoe  or  Faculty  of  8urg«ry." 
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VesaliuB,  a  Fleminfr,  born  in  1514,  did  more  than  all  bis  prede- 
cessors to  overthrow  Galeiii.sni  and  place  medicine  upon  a  rational 
basis,  and  well  deserves  his  title  ol  the  Father  of  Modern  Anatomv. 
Yet,  despite  the  concessions  wc  have  noticeil  made  by  prelates, 
kings  and  parliaments  to^the  early  anatomists,  Vcsali us  uud  iiis 
students  were  obliged,  in  tlie  words  of  Hallam,  "  to  pruwi  by  night 
in  eharnpl-lioiise>,  to  dijr  nj)  the  dead  from  the  jrrave;  they  climbed 
tlie  ;^nbl>et  in  lear  and  s^ih'ni'e  to  sti  al  the  nioui(lerin<jr  eareass  of  the 
munh-rer  at  the  risk  ol  iirnominiouj>  punislnnent  and  the  secret 
stingii  superstitious  remorse."  Vesalius  betran  to  dissect  while 
a  youth  in  his  teens.  For  a  time  he  studied  under  the  famous 
French  anatomist,  Jacques  Du  Boifi,  who  demonstrated  the  anatomy 
of  Galen  on  the  eareasses  of  dogs.  But  Yesalius  forsook  Paris 
for  Italy,  drawn  thither  by  the  reputation  of  the  schools  wheooe 
Leonardo  da  Vinci  and  Michael  Angelo  derived  their  knowledge 
of  human  anatomy.  Before  be  was  twenty -eight,  as  has  been  well 
said, Veealius  diacovered.a  new  world/'  and  held  at  one  time  the 
pro&ssorsbip  of  anatomy  in  the  univeraities  of  Piaa,  Padua  and 
Bol<^a.  He  died  the  victim  of  the  Spanish  Inquisition.  His 
inspection,  with  the  consent  of  the  relatives,  of  the  body  of  a 
Spanish  grandee,  whose  heart  feebly  contracted  under  the  knife, 
brought  him  before  the  Inquisition,  and  would  have  led  him  to  the 
*  stake  but  for  the  intercession  of  the  King.  Compelled  to  journey 
to  Jerusalem  by  way  of  penance,  Vesalius  was  shipwrecked,  in 
1564,  on  the  island  of  Zante.  It  is  said  that*  he  there  starved  to 
death,  and  that  unless  a  liberal  goldsmith  had  defrayed  the  funeral 
charges,  the  remains  of  the  greatest  anatomist  the  world  had  seeu 
would  ii.ivi  been  devoured  by  birds  ol"  prey. 

The  Italian  scIiooIb  under  Vesalius  and  his  successors,  Fallopius, 
Columbus  and  Fabrieius,  exerted  a  wide  and  potent  influen<!e 
nptin  European  nie*licine.  This  inlluenee  wa**  buoner  felt  and 
more  marked  in  France,  (icrmany  and  Holland  than  in  Eng- 
land and  JScutland.  The  t'ollowing  statements,  made  by  Billroth, 
may  rve  to  indicate  the  iiftvor  in  which  anatomy  was  held  iu 
Germany : 

In  the  Privilegia  granted  by  the  Landgrave  Wilhelm  von 
IlesHen  to  the  University  of  Marburg,  in  1663,  it  is  provided  that 
**in  the  medical  faculty  at  the  start  there  shall  be  two  doctors  in 
pay,  who,  in  addition  to  the  theory,  shall  conduct  the  practice  of 
anatomy  and  of  botany  with  the  youth/'   The  statutes  of  the 
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medioal  fteoUj  at  Mar|)arg  for  the  same  year,  Title  IV,  read  as 
follows:— 

''(1.)  It  IB  dear  that  anatomy,  next  after  psychology,  forms  the 
chief  part  of  QDiveraal  physiology.  Since  there  is  a  twofold 
method  of  teaching  it,  one  that  is  ordinarily  practiced  in  anatomical 
theatres  in  the  presence  of  many  spectators,  and  the  other  which  Is 
employetl  by  the  holders  of  scholssttc  chairs,  let  neither  of  them  be 
intermitted.  Let  both  of  them,  as  well  pnblicly  us  privately,  be 
praeticed. 

"(2.)  Let  aWthe  art  of  dissection  and  of  sktllfnlly  handling 
and  applying  the  knife  in  individi^al  parts  be  shown,  in  order  that 
a  diiihrence  may  be  noted  between  physical  and  medical  w  practical 
anatomy.  The  various  skeletons,  also,  both  male  and  female,  of 
common  and  exotic  animals  shall  be  prepared,  in  order  that  not 
only  the  structure  of  the  skeleton,  but  also  the  whole  of  oste- 
ology,  may  become  known  to  students  of  medicine  as  well  as  of 
surgery. 

"(3.  )  Let  pregnant  women  be  dissected  as  well  aii  others.  Let 
mid-wives  as  well  as  others  be  admitted. 

"(4.)  Let  not  those  who  arc  condemned  to  death  be  opened 
alive,  but  let  living  things  of  every  kind,  as  insects,  serpents, 
aquatic  animals,  birds,  and  fjaadrupe<l.s,  be  dissected.  Especially 
lei  those  studying  anaionjy  observe,  more  precisely  than  butchers 
would,  doniestic  quadrupeds  wliile  they  are  being  slaughtered. 

"(5.)  Moreover,  let  the  bodies  of  atrocious  criminals,  whether 
they  have  been  beheade<l  or  hangtd,  be  designated  for  dissection. 
Let  them  not  Ik?  kept  back  by  the  magistracy  when  they  are 
sought  for  this  purpose,  in  order  that  those  wlio  have  done  as 
much  eviJ  as  they  could  when  alive,  may,  after  death,  on  the  other 
hand,  be  of  as  much  service  and  use  as  possible." 

\\v  shall  confine  our  attention  ehicllv  to  tiie  Iiistorv  of  anatomy 
in  Grt'at  Britain  ;  innsniuch  as  in  the  develo|)ment  of  anatomy  in 
Anaiiea,  tiie  influence  of  Jidinburgli  and  London  is  more  readily 
trat:ed  than  that  of  Paris  and  Ley<len. 

Twenty-five  years  after  the  jiassage  of  the  Act  of  32  Henry 
VIIL,  Queen  Elizabeth  granted  to  the  College  of  Plivsicians,  of 
1/ondon,  the  bodies  of  lour  ielons  exeeut(  d  in  Middlesex,  "  that  the 
president  or  other  persons  a[>pointed  by  the  college  might,  observ- 
ing all  decent  respect  for  human  flesh,  dissect  the  same."  In 
Charles  II.  increased  the  number  of  felons'  bodies,  annually 
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granted  to  the  physioiana,  to  six.  The  Act  of  22  George  II.,  c 
S7,  1752,  required  the  dineettoii  or  hanging  \n  ohains  of  the 
bodies  of  all  executed  murderers  in  order  that some  further  Terror 

and  peculiar  Mark  of  lulaniy  might  be  added  to  the  Punishment 
of  Death."  The  provision  of  tliis  Act  rej^iardiiig  ihe  dis^ectiuo  of 
niuiderei*s  remained  unrepealed  till  the  passage  of  the  so-cjille<l 
Warhmton  Anatomy  Act,  in  1832,  while  the  provision  repirding 
the  hanging  of  a  murderer  .s  body  in  chains  lemamed  in  ibrce  till 
1861,  when  it  was  repealed. 

These  were  the  only  legalized  sources  for  the  supply  of  anatomi- 
cal material  in  England  prior  to  1832.  Such  provisions  might,  at 
first  sight,  seem  generous  and  ample,  yet  they  were  not.  We  find 
Dr.  William  Hunter,  in  1763,  in  vain  asking  of  the  King  a  grant 
of  land  sufficient  for  the  site  of  an  anatomical  scliool  in  LondoUi 
which  he  proposed  to  endow  with  something  like  i;7,0Q0,  and  one 
of  the  finest  anatomical  collections  in  Europe.  In  his  memorial 
to  the  Earl  of  Bute,  Hunter  writes:  "Of  the  very  few  who  profess 
or  teach  this  art  in  any  part  of  Gnat  Britain,  London  excepted, 
there  are  none  who  can  be  supplied  with  dead  bodies  for  the 
private  use  of  stndents.  They  can  with  difficulty  procure  only  so 
many  as  are  absolutely  necessary  for  the  publio  demonstrations  of 
the  principal  and  well-known  parts  of  the  body.  Hence  it  is  that 
•  the  students  never  learn  the  practical  part,  and  the  teachers  them- 
selves can  hardly  make  improvements,  because  tliey  cannot  have 
subjects  lor  private  ex{)eriineuts  and  enquiries.  Anatomy  was  not 
upon  a  much  better  looting,  even  in  London,  till  the  year  1746.'^ 

In  1832,  Parliament  [mssed  the  Wjirburiou  Anatomy  Act, 
which  IS  still  in  force  throughout  Great  iVitain  and  Ireland — in 
all  its  ef*!sential  features.  To  understand  its  significance  and  that 
of  "Burking,"  wliich  really  causeil  Parliament  to  enact  it;  we 
must  glance  at  the  Ediubnrgh  School  of  Anatomy. 

We  have  already  noticed  the  grant  of  anatomical  material  con- 
tairie<l  in  the  charter  of  the  Surgeons'  Company,  made  in  1605. 
The  beginning  of  the  Edinburgh  Anatomical  School  was  in  1694; 
when  the  Town  Council,  on  the  24th  of  October,  in  response  to 
the  petition  of  Alexander  Monteith,  granted  him  *'any  vacant, 
waste  room  in  the  correction  house,  or  any  other  thereabouts 
belonging  to  the  Town."  Monteith  also  obtained  a  grant  of 
"those  that  dye  in  the  correction  house;  and  the  bodies  of  fund* 
lings  that  dye  upon  the  breast.'^   The  Surgeons'  Company  were 
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granted,  nine  Hays  later,  "the  bodies  of  fuiiclliiigH  who  dye  betwix 
the  tyme  tiiat  they  are  weaned  and  their  being  put  to  schools  or 
trades;  abo  the  dead  bodies  of  such  as  are  stiflet  in  the  birth, 
which  are  exposed  and  have  none  to  owne  them;  as  alao  the  dead 
bodies  of  such  as  are  felo  «e  and  have  none  to  owne  them;  like- 
wayee  the  bodies  of  euoh  as  are  pat  to  deatli  by  sentence  of  the 
magiBtrat,  and  have  none  to  owne  them,''  Certain  intereetiog 
fonditions  were  attached  to  the  gnmts  to  Monteith  and  the  Sur- 
geons. The  dissection  was  to  he  daring  the  winter,  from  one 
eqninoz  to  the  other;  all  the  ''gross  intestines*'  were  to  be  buried 
within  ftrty-eight  honrs^  and  the  rest  of  the  body  within  ten  days 
at  the  grantees'  expense.  The  regular  apprentices  of  the  Surgeons 
were  to  be  admitted  at  half  price,  and  any  magistrate  who  thought 
fit  might  attend  the  dismction.  In  the  grant  to  the  Sui^eons,  no 
mention  is  made  of  the  gross  intestines,  according  to  Dr.  J. 
Strutliers,  froia  whose  sketch  of  the  I'^dinhiirf^h  Aiiaioinical 
School  these  facta  are  taken ;  but  it  is  provided  '  that  the  petitioners 
shall,  betorc  the  terme  of  Michaelma<  1  f>U7  years,  build,  repair,  and 
have  iu  readiiu  ss,  ane  anatomn  all  tiieatre  where  they  shall  once 
a  year  have  ane  public  anatoiuicjill  dissection,  as  much  as  can  be 
showen  upon  ane  body,  and  if  the  tailzie  thir  presents  to  be  void 
and  null."  The  Anatomical  Theatre  of  the  Surgeons  was  reported 
finished  to  the  Town  Council,  December  17,  1697.  The  Council 
ratified  its  grant  of  1694,  and,  the  same  day,  the  Surgeons  chose 
a  committor  ''to  appoint  the  m^bod  of  public  dissections,  and  the 
operaton/'  In  1705,  the  Council  gave  XI 5  salary  to  Kobert 
Blliott^  the  fiist  Professor  of  Anatomy  in  £dinbni^h.  In  1720, 
the  Town  Council  elected  Alexander  Monro,  jirtmus,  Professor  of 
Anatomy.  In  1725,  he  removed  from  Surgeons'  Hall  to  the 
University  buildings,  because  of  the  violence  of  a  mob  which  had 
attempted  to  demolish  the  Surgeons'  Theatre,  on  acooant  of  the 
supposed  violation  of  graves.  In  1722,  the  apprentices  of  the 
Surgeons'  Company  were  obliged,  in  their  indentures,  to  snbwribe 
to  "an  obligation  that  they  would  altogether  avoid  raising  the 
dead." 

Under  the  Monros,  father,  son  and  irrandson,  wIjo  held  betwri-n 
them  the  Dtiiversity  Chair  of  Anatomy  from  1720  till  I84i),  the 
sciiool  bt  <  ami  W  idely  famous.  Many  of  the  early  American  phy- 
sicians and  auatomists  studied  at  K(linl)ur<xh;  where,  early  iti  this 
century,  there  were  several  extramural  private  schools  ot  auutoiuy. 
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Of  these,  that  of  Dr.  Robert  Kdox  was  the  most  famous  and 
frequented.   In  the  winter  of  1828-29,  he  had  a  class  of  G05:  the 

largest  in  Europe. 

For  years  the  demand  for  anatomieal  material  liad  exceeded  the 
leu;al  supply  iu  Great  Britain.    As  early  as  1826,  I'arliuim  iit  was 
petitioned,  but  in  vain,  to  give  aid  and  protection  to  the  anato- 
mists,— who  were  forced  to  depend  on  the  rcHurrection  men  for 
snhjeets.    Bodieti  often  bnniLdit    £10  each,  in   Kdinhnrirli  and 
London;  in  one  instanee  a  subject  was  sold  for  <£30.    When  the 
home  supply  ran  short,  the  Scotcli  anatomists  were  furtiished  with 
stolen  bodies  from  England,  Ireland,  and  even  I  rance.  "Tlie 
increased  demand  and  hiLxher  pay  tor  material,^'  says  Lonsdale, 
(Knox's  biographer),  "generated  sad  recklessness  and  brutality. 
Quarrels  arose  over  the  spoils;  the  jealousy  of  rival  factions  of  the 
different  schools,  and  the  frequent  attempts  to  outwit  eaoh  other, 
led  to  personal  denuucijitions  and  a  fearful  publicity."   In  response 
to  numerous  petitions  from  the  medical  profession,  a  '^Select  Com- 
mittee of  the  Commons/'  to  inquire  into  the  hindrances  to  the 
study  of  anatomy,  was  appointed  April  22,  1828»   Its  report  was 
rendered  on  the  twenty-second  of  July,  following.   In  1788,  the 
Court  of  King's  Bench  decided,  in  the  first  reported  case  of  the 
sort,  that  it  was  a  misdemeanor  at  common  law  to  carry  away  a 
dead  body  from  a  church -yard,  although  for  the  purpose  of  dissec- 
tion,  as  being  an  offence  oon<ro  6ono#  mores  and  common  decency. 
The  Select  Committee  stated  in  its  report,  wbidi  was  &vorable  to 
the  petitioners,  that,  under  the  law  as  then  interpreted,  there  was 
scarcely  a  student  or  teacher  of  anatomy  in  England  who  was  not 
indictable  tor  a  misdemeanor ;  and  aUo  that  medical  men  "  were 
Iial>le  in  a  civil  action  to  damages  lor  errors  in  practice,  due  to 
professional  ignoraucf ;  though  at  the  «ame  time  they  might  be 
vibit*id  with  penalties  as  criminals  for  en(ieavoring  to  take  the  t)nly 
means  oi" obtaining  prole»sional  knowled'j'e,"    It  was  not  nntil  ihe 
following  year,  when  the  eom|)hnnLs  ot   the  anatomists  and  the 
report  ol  the  cuiamittc(>  had  been  emphatically  entiorsed  by  the 
"  Burking"  horrors  of  l^iiuburgli,  tiiat  leave  was  obtained,  on  the 
fourth  of  May,  to  bring  in  a  **  Bill,  to  Prevent  the  Disinterment  of 
Dead  Bodies,  and  for  the  Better  iiegulation  of  Oar  Schools  of 
Anatomy," 

On  the  second  of  November,  1828,  it  was  noised  about  in  Edin- 
burgh that  a  woman  had  been  murdered  on  All  Hallow  Eve  for 
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the  sake  of  her  body,  which  was  found  in  the  dissect! ug  room  of 
Dr.  Knox.  In  the  investigation  which  followed  it  wa9  discovered 
that  William  Hare,  the  keeper  of  a  low  lodging  house  in  the  West 
Port,  and  one  of  his  lodgers,  William  Burke,  had,  within  less  than 
a  year,  committed  sixteen  murders,  and  disposed  of  the  bodicB  of 
their  victims  to  the  teachers  of  anatomy.  The  Burke  "  method 
was  to  saflbcate  the  victim,  already  dead  drunk.  Throttling  was 
not  resorted  to:  the  nose  and  mouth  were  icept  tightly  closed,  and 
the  smothering  was  soon  effected.  It  was  impossible  to  connect 
Knox  with  these  villtans  in  any  way,  except  as  a  receiver  of  stolen 
goods  for  the  benefit  of  the  pitblic  Hare  turned  State's  evidence, 
but  Burke  was  found  guilty,  banged  and  dissected.  His  skeleton 
adorns  the  Anatomical  Museum  of  the  University  of  Edinburgh, 

The  Bill  alluded  to  above  was  brought  into  Parliament  May  5, 
1829,  but  was  tlirown  out  in  the  lluuoe  of  l^onld  a  month  later. 
It  was  not  until  Aiiy:iist  1,  1832,  after  a  long  discnssioii  in  whicli 
Sir  Jamfs  Mtjckintosli  aod  Mr.  Macaulay  took  part,  that  the 
"  Warbiirton  Bill  for  Keguiatinp;  Schools  of  Anatomy"  was  otiaetcd. 
At  this  distance  in  space  and  time  tlie  deliberatencss  of  Parlianu  ut 
seems  a  trifle  strained  in  the  fnce  of  ,«nch  facts  as  we  have  stated  ; 
but  one  of  the  chief  glories  of  the  Britiub  Constitution  is  its  slow 
growth,  we  believe. 

The  Warburton  Act  is,  with  some  trifling  nmondments,  still  in 
force.  Its  effect  has  been  to  protect  the  sepulchres  of  the  dead 
and,  in  the  long  run,  to  furnish  an  adequate  supply  of  subjects. 
As,  however,  Massachusetts  anticipated  Great  Britain  by  more 
than  a  year  in  legalising  anatomy^  in  a  law  based  upon  the  same 
principles  as  those  embodied  in  the  English  Act,  we  forego  any 
special  consideration  of  the  terms  and  provisions  of  the  latter. 

Part  Second. 

AKATOUT  IN  AMERICA. 

Tairopeati  aiul  A  nu  l  it  an  anatomy  have  both  developed  along 
the  same  lines,  but  the  European  type  is  more  hiirhly  hpeciaiimi, 
Nearlv  all  the  developmental  stages  throuirh  which  European 
anatomical  science  has  passed  are  to-day  r(  prcj^ented  in  various 
States  of  the  Amorican  Union.  In  some  States  it  is  a  <5eoret  and 
}>erilous  pursuit;  in  others  it  has  gained  legal  protection  ;  in  a  few 
it  has  attained,  perhaps,  to  the  dignity  of  an  uDgcDerout»iy  fostered 
science. 
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The  earliest  utterance  in  America,  in  recognition  of  the  import- 
ance of  anatomical  studies,  seems  to  have  been  made  in  Massachu- 
setts. In  "  The  Cleare  Sun-Shine  of  the  Go«j)el  Breaking  upon 
tl»e  Indians  in  New  England"  is  found  a  letter  datci  "  R^jxbnrv, 
24  September  ]<;47,"  from  John  Kliot  to  the  Rev.  Tliomits  wShep- 
hard  of  **Cumbrid2:e  in  New  EiiLdand."  The  Apostle  de<  Ian  -  of 
tlie  Indians}  that  "all  the  reiuLre  they  have  and  relie  \\]vm  in  time 
of  sickness  is  their  Pnw\vaw.«,  wlio,  l)V  nntick,  foolish  and  notional 
conceits  delude  the  poor  people,  so  that  it  is  a  very  needful  1  thing 
to  informe  them  in  the  use  of  Physick,  and  a  most  effectuall  meanes 
to  take  them  ofiP  from  their  Powwawing.  Some  of  the  wiser  sort 
I  have  Bttrred  up  to  get  this  skill ;  I  have  showed  them  the  Anat- 
omy of  man's  body,  and  some  general!  principles  of  Physiok.  I 
have  had  many  thoughts  in  my  h^rt  that  it  were  a  singular  good 
work,  if  the  Lord  would  stirre  np  the  hearts  of  some  or  other  of 
his  people  in  England  to  give  some  maintenance  toward  some 
Sohoole  or  Collegiate  exercise  this  way,  wherein  there  should  be 
Anatomies  and  other  instmctions  that  way."  It  is  unlikely  that 
the  Apostle  £Hot  added  dissections  to  his  leclnres  on  the  Anat- 
omy of  man's  body ; for  later  in  the  same  letter  he  deplores  the 
ftet  that  "our  young  students  in  Physick  have  onely  theoreticall 
knowledge,  and  are  forced  to  fall  to  practice  before  ever  they  saw 
an  Anatomy  made/'  and  says,  We  never  had  but  one  Anatomy 
in  the  Oountrey,  which  Mr.  Giles  Firman  (now  in  England)  did 
make  and  read  upon  very  well." 

The  "first  Anatomy  in  the  Countrey "  was  doubtless  made 
without  tfie  warrant  of  le<j::al  enactment;  eerlainly  the  majority  of 
dis^seetioob  since  then  liave  been  ?o  made.  The  first  statutory 
provision  regardinir  anatomy  m  America  seems  to  be  the  Massa- 
finisetts  Act  of  17.S4,  by  the  terms  of  whieii  the  bodies  of  those 
killed  in  duels  and  of  those  exccute<l  for  killinjif  another  in  a  duel 
niij^lit  be  given  up  to  the  snrj^eons  "to  be  dissected  and  anato- 
mized." In  1881  Mas.saehus(>tts  anticipated  all  her  sister  Stiites, 
and  England  as  well,  by  legalizing  the  study  of  "anatooiy  in 
certain  oases." 

In  the  Diary  of  Samuel  Sewall,  of  Boston,  recently  published 
by  the  Massachusetts  Historical  Society,  is  found  under  date  of 
September  22,  1676,  the  following  entry :  "  Spent  the  day  from  9 
in  the  M.  with  Mr.  [Dr.]  Brakenbnry,  Mr.  'Hiumson^  Butler, 
Hooper,  Cragg,  Pemberton,  dissecting  the  middle-most  of  the 
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Indian-  ox(m  nt*  f]  tho  day  l^fore.  X,  who  taking  the  f|  in  hand, 
affiriut'd  it  to  be  the  stoniacli/' 

The  earliest  reference  that  I  have  found  to  a  post-raortem  ex- 
amination in  America  is  contained  in  a  maniiseript  order  of  tlie 
Council  of  I^ord  Baltimore,  dated  St.  Mary's,  in  Maryland,  July 
20,  1670.  In  it  John  Stansley  and  John  Peerce,  Chyrurgcons, 
are  ordered  to  view,  on  Monday,  August  8,  1670,  the  head  of  one 
Beujamio  Prioe^  sappoeed  to  have  been  killed  by  the  Indians.  It 
was  broDght  out  in  oonnection  with  the  Salem  witchcraft  trials,  in 
1692,  that  ''aboat  seventeen  years  before,"  a  jury  had  been  impan- 
elled upon  the  body  of  a  man  that  had  died  suddenly  in  the  house 
of  Giles  Corey,  and  that  the  jury,  among  whom  was  Dr.  Zerub* 
babel  Endioott,  found  the  man  "bruised  to  death,  and  having 
dodders  of  blood  about  the  Heart."  This  would  indicate  that  a 
post-mortem  examination  was  made  in  Massachusetts  as  early  as 
1675,  fifleen  years  prior  to  that  made  on  the  body  of  Governor 
Slau«!:iiter,  of  New  York,  which  is  usually  cited  as  the  first  recorded 
antopsy  in  Amerira.  In  1690,  Governor  iSlaugliter  die<l  suddenly, 
under  circuiiii-taiiLL.s  which  excited  suspicions  ot  poisoning.  Dr. 
Juliantjes  Kcrfl>vle,  assisted  by  five  physii  rxaiuined  the  IumIv. 
The  uueil  ordered  X8  88.  to  be  paid  tiie  ourgeoub  lor  their  ejt- 
amination. 

It  is  recorded  that  Dr.  John  Bard  and  Dr.  I'eter  Middleton,  of 
New  York  city,  in  1760  injected  and  dissected  the  body  of  Her- 
manns Carroll,  an  executed  criminal,  for  the  instruction  of  the 
young  men  then  engaged  in  the  study  of  medicine."  This  was 
thirty-nine  years  before  the  State  of  Kew  York  legalized  the  dis- 
section of  the  bodies  of  malefactors  executed  for  arson,  bnrglaty, 
or  mofder.  Though  Pennsylvania  passed  no  anatomy  Act  until 
1867,  the  first  American  medical  school  was  organized  in  Phila- 
delphia in  1765,  by  Drs.  Morgan  and  Sliippen,  natives  of  that  city. 
Dr.  William  8hippen,  Jr.,  a  pupil  of  John  and  William  Hunter, 
g^ve,  in  1762,  a  systematic  course  of  lectures  on  anatomy.  This 
first  course  of  lectures  by  Br.  Shippen,  is  usually  termed  the  first 
full  and  scientific  course  of  anatomical  lectures  given  in  America ; 
althongh  Dr.  Cadwallader,  as  early  as  1761,  made  dissections  for 
the  beiiL'tit  of  the  piiysicians  of  Philadelphia,  and  Thoniiis  Wood, 
surgeon,  iu  1752  advertised  in  the  JSCw  York  papers  '*a  course  on 
osteolc^y  and  myology  in  the  city  ol'  Xcw  lirunsu  ick,  N.  J.,"  to 
be  followed,  in  case  ol  proper  encourdgenieut,  by  a  course  in  augi- 
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ology  and  Deurology,  and  a  ooarse  of  operations  on  the  dead  body. 
It  should  also  be  noted  that  Br.  William  Hunter,  educated  at 
Edinburgh  under  the  elder  Monro,  who  came  to  America  in  1762, 
gave  lectures  on  anatomy  and  surgery  in  Newpcnrt,  B.  I.,  in  the 

years  1754,  1755,  and  1756. 

Shippen's  courses  were  m  Hiiccof^sfiil  that  in  17G5  the  Medical 
College  of  Philadelphia  ua^.  urguni/cd  with  two  professorsliips. 
Dr.  8hippeo  held  the  eijuir  of  "  anatomy  and  surgery ;  "  that  of 
the  "theory  and  practice  of  pliysic"  was  filled  by  Br.  John 
Mort^an. 

A  Iji  icf  consideration  of  the  character  and  career  of  Dr.  William 
Shippeii,  Jr.,  the  first  Profe)^«or  of  Anatomy  and  Sur<i:<-*ry  in 
America,  may  wt'll  detain  iis  for  a  lew  motncnts.  Ili.-s  lather,  Dr. 
William  IShippeo,  was  an  eminent  pliysician  in  Fhiladelpliia,  in 
which  city  the  son  was  born,  in  1736.  Young  Shippen  graduated 
in  1754,  at  the  College  of  New  Jersey,  of  which  institution  his 
£Bither  was  one  of  the  founders.  After  studying  medicine  for  three 
years  with  his  father,  he  repaired  to  £urope,  where  he  studied  at 
Edinburgh  and  London.  He  returned  to  Philadelphia  in  1762, 
in  which  year,  at  the  age  of  twenty-six,  he  gave  his  first  course  of 
lectures  on  anatomy.  One  of  his  successors  In  the  chair  of  anatomy 
— 0r.  W.  £.  Horner — says :  Dr.  Shippen  seems  to  have  been 
intended  by  nature  to  lay  the  corner-stone  of  the  immense  edifice 
of  medicine,  which  has  since  been  erected  in  this  countiy.  Aged 
twenty-six,  at  the  period  alluded  to,  uncommonly  perfect  in  his 
form  and  engaging  in  his  aspect ;  his  manners  were  those  of  a 
finished  gentleman;  his  enunciation  was  fine;  his  temper  invari- 
ably sj.riglitly  anii  good,  could  neither  be  exdted  by  rancor,  nor 
rendered  sullen  and  morose  by  op|K)sition.  To  the  personal  ad- 
vantages stated,  and  those  of  extensive  hereditary  tViendship  and 
family  aliianre,  Dr.  blii|i|»eii  a<liie(l  tbreiwn  stiulv — at  that  day  all 
impurtaiJi  in  public  estimat ion,  I'rom  the  wr.w:  ul  '.>j>jK>i  iuniti<.s  of 
instruction  hire.  While  iu  Lun<i(»n  \\v  lived  in  the  lainily  ot"  ^Ir. 
John  Hunter,  the  celebrated  siir«i;(  i)ii,  and  followed  the  leetures  of 
Dr.  William  Hunter  on  anatomy  and  mid-wilery.  lie  enjoyed 
the  advantages  of  <rreat  intimacy  with  Sir  Joiin  Pringle  and  Dr. 
Fotiierifill.  To  tlie  incentive  of  niich  illustrious  associations  we 
may  attril)nte  mneh  oi"  tlie  energy  aiid  determination  which  marked 
his  subsequent  career.  Dr.  iShippen  arrivetl  in  Philadelphia  in  the 
Spring  of  17G2,  having  completed  his  studies  and  gained  from  bis 
preceptors  the  reputation  of  great  natural  talents.'^ 
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In  the  Pennsylvania  Gfmtie^  puhlinhed  by  B.  Franklin,  Poet- 
nmster,  and  D.  Hall,  November  11,  1762,  I  find  a  card  from  Dr. 
bhippen  which,  inasmaoh  as  I  cannot  find  that  it  has  been  repab- 
lisfaedy  I  ventore  to  <}ttote  as  a  whole : 

Philadilphia,  November  11. 

Ma,  Hall.  Sir: 

Please  to  inform  the  Public  that  a  Coorse  of  Anatomical  Lectures 
will  be  opened  this  Winter  In  Philadelphia  for  the  Advantage  of  the 
younfi^  Gentlemen  now  engaged  in  the  Study  of  Physic  in  this  and  the 
neighboring  ProTinceSt  whose  Circumstances  and  Connections  will  not 
admit  of  their  going  abroad  for  ImproTement  to  the  Anatomical  Schools 
of  Europe ;  and  also  for  the  entertainment  of  any  Gentlemen  who  may 
have  the  Curiosity  to  understand  the  Anatomy  of  the  Human  Frame. 

In  these  Lectures  the  Sitaation,  Figure  and  Structure  of  all  the 
part8  of  the  Human  Body  will  be  demonstrated;  their  respective  uses 
explained,  and,  as  far  as  a  Course  of  Anatomy  will  permit,  their 
Diseases,  with  the  Indications  and  Method  of  Cure,  briefly  treated  of; 
all  the  necessary  Operations  in  Surgery  will  be  performed,  a  Course  of 
Bandages  exhibited,  and  the  whole  conclude  with  an  Explanation  of 
some  of  the  curious  Phenomena  that  arise  from  an  examination  of  the 
Gravid  Uterus,  and  a  few  plain  general  Directions  in  the  Study  and 
Practice  of  Midwifery. 

The  Necessity  and  public  Utility  of  such  a  Course  in  this  growing 
Country,  and  the  Method  to  be  pnrr^ned  therein,  will  be  more  particu- 
larly explained  in  an  Introductory  Lecture,  to  be  delivered  the  16th 
Instant,  at  six  o'clock  in  the  £vening,  at  the  State  House,  by  William 
Shippeo,  jun.,  M.  D. 

N.  B,  Tlie  Manag-ers  iiiul  l*hy>iciiuis  of  tlie  Pcnnsvlvania  ilospital, 
at  a  Sju'cial  Meeting,  have  ^t.'iirrou.Nly  coiisciitcd  lo  countenance  and 
encowrat^e  this  UfH^ertakiiiL;- ;  and  to  make  it  niore  cntertaininir  and 
proliluble,  have  graaled  him  the  use  of  some  curious  Anatomieal  Casta 
and  Drawing-*?  (just  arrived  in  the  (.'arolitia,  (.'ai>t.  Friend)  presented 
by  the  judicious  attd  benevolent  Doctor  Futhergill,  who  ha^  improved 
every  Opportunity  of  promoting  the  interest  and  Ubefuloeiss  of  that 
uoble  and  nourishing  lustitutiou. 

The  Pennsylvania  GaieUe^  of  2soveml>er  25,  oontaios  the 
following  aDuouooeiuent : 

Dr.  Shippen's  anatomical  lectures  wni  i/egiu  to-morrow  evening  at 
six  o'clock,  at  his  father's  house,  in  Fourth  street.     Tickets  for  the 
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conne  to  be  hftd  of  the  doctor  at  five  pistoles  each,  and  any  gentlemen 
who  incHne  to  see  the  snbjeet  prepared  for  the  leetares,  and  leem  the 
art  of  dissecting,  injections,  etc.,  are  to  pay  five  pietolee  more. 

It  is  stated  that  his  first  claes  numbered  twelve.  ''Having  tbua 
started,  it  is  not  to  be  understood/'  says  Dr.  Homer,  ''that  the 
lectures  proceeded  without  occasional  interruptions  from  popular 
indignation;  for  .the  city  being  snouil],  almost  everyone  knew  what 
was  going  on  in  it.  The  house  was  frequently  stoned,  and  the 
windows  broken ;  and  on  one  occasion,  Br.  Shippen's  life  was  put 
into  imminent  danger.  While  engaged  within,  the  populace 
assembled  tumultuoublj  around  the  liouse.  \\h  (carriage  fortu- 
nately was  at  the  door,  and  the  people  supposing  that  he  was  in  it 
made  their  first  attack  there.  The  windows  of  the  carriaire  being 
up,  they  were  spee<lily  d  iiiuIisIuhI  witli  stones,  and  a  nuiaket  hall 
was  shot  through  the  body  of  the  carriage;  the  coachnnin  applieil 
the  whijt  to  his  hor>^o«  and  oidy  saved  hiraself  and  his  vehicle  by  a 
rapid  retreat  under  a  siiower  of  missiles.  The  Doct*>r  hearing  the 
uproar,  ascertained  its  cause,  aud  extricated  himself  through  a 
private  alley." 

Possibly  the  riot  above  described  by  Dr.  Horner,  may  have 
elicited  the  following  utterance  from  Dr.  Shippen,  which  is  printed 
in  the  Pennsylvania  QaztUte^  Deoember  26, 1765: 

It  has  given  Dr.  Shippen  niiuli  Pain  to  hear  thai  notwitlistanding 
all  the  Caution  and  Care  he  lias  taken  to  jirescrve  the  utmost  Deceney 
in  opening  and  dissecting  dead  Bodies,  which  be  has  pertievereU  io 
chiefly  from  the  Motive  of  bein^  useful  to  Motikiii<l,  some  evil-minded 
PersoHB,  either  waatouly  or  maliciously,  have  rt'iiortoii  to  his  Dis- 
advantage that  he  has  taken  up  bomc  Persons  who  were  Vitn'ied  in  the 
Church  Burying  Ground,  which  has  disturbed  the  Minds  of  some  of 
his  worthy  Fellow  Citizens.  The  Doctor  with  much  Pleasure,  improves 
this  Opportunity  to  declare  that  the  Report  is  absolutely  false;  aud  to 
assure  them  that  the  Bodies  he  dissected  were  either  of  Persons  who  ' 
bad  wilfally  murdered  themselreB  or  were  publicly  ezecnted,  except 
now  and  then  one  from  the  Potter's  Field,  whose  Death  waa  owing  to 
some  particnlar  Disease  and  that  he  never  had  one  Body  from  the 
Church. 

In  Chapter  CCXI  of  the  History  of  the  City  of  Philadelphia/' 
written  by  Westcott  Thompson,  but  not  yet  published  in  book 
form,  are  found  the  following  statements  regarding  Dr.  Shippen; 
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"Late  in  November  17r)2,  Dr.  Shippeu  received  the  first  subject  for 
dissection  of  which  there  is  any  record.  A  negro  man  iiiivinju;'  cut  his 
throat  with  a  plass  bottle,  from  the  effect  of  which  he  died,  the  action 
upon  his  case  is  thus  recorded  by  the  Gazelte  of  December  2.  '  After 
the  coroner's  jury  had  pronounced  him  guilty  of  self  murder,  his  body 
was  immediately  ordered  by  authority  to  Dr.  Shippen's  anatomical 
theatre/  this  accession  to  the  stock  of  the  dissecting  room  must  have 
been  received  a  day  or  two  after  the  opening  lecture. 

"In  September  1*765,  Dr.  Shippen  was  compelled  to  deny  publicly 
that  he  had  taken  dead  bodies  for  the  purposes  of  dissection  from  the 
church  bnrying  grounds.  In  September  1768,  he  was  again  obliged  to 
contradict  the  rumor  that  he  had  taken  dead  bodies  from  the  city 
burying  gronods  for  purposes  of  dissection.  In  I7t0,  considerable 
excitement  existed  in  the  city  in  relation  to  the  supposed  removal  of 
dead  bodies  fh>m  the  city  bnrying  gpronnds  for  dissection  in  the  ana* 
tomical  department  of  the  college.  It  was  probably  abont  that  time 
that  the  circnmstances  happened  described  by  Dr.  Carson.  [History 
of  the  Medical  Department  of  the  UniTersity  of  Pennaylrania,  pp.  81 
and  217.]  'On  one  occasion  Dr.  Shippen's  honse  was  mobb^  and 
only  by  exerdsing  great  tact  and  by  the  judicious  interference  of  his 
friends,  and  of  the  authorities,  was  he  saved  from  the  entire  destruction 
of  bin  accnmnlated  materials  for  teaching.  This  event  was  known  for 
years  as  the  sailors'  mob.' 

"Dr.  Shippen  in  Bradford's  Journal  of  January  11, 1770,  published 
an  address  to  the  public  in  which  he  said  there  were  wicked  and  mali- 
clous  reports  of  his  taking  up  bodies  from  several  burying  grounds. 
He  said  'I  declare  that  I  never  have  had,  and  that  I  never  will  have 
directly  or  indirectly,  any  stibjec  t  from  any  bnrying  ground  of  any 
Christian  denomination  whatever.'  He  said  that  upon  two  of  the 
families  terrified  by  this  report,  he  had  waited,  in  order  to  vindicate 
himself.  He  had  tried  to  tr^e  out  the  authors  of  the  reports  but  had 
failed.  It  was  generally  believed  that  he  had  taken  up  the  body  of  a 
young  lady  from  Christ  Church  bnrying  ground,  *  but  within  a  few  days 
the  prave  had  ])een  opened,  and  the  body  found  tliero.'  Another  body 
was  that  of  a  woman,  whose  nauic  is  <s\vt'n  by  Dr.  Shippen.  He  says 
tiiat  'she  died  in  the  middle  of  the  suiiiiner  of  1709,  of  ;i  pulrid  ll-vur, 
and  yet  I  am  charged  with  disseclinij:  her  Ixidy  in  the  uiiddlc  of  wintiT.' 
In  corroboration  of  this  address  be  ai)pended  an  afliihivit  by  .Joseph 
Harrison  who  stated  that  h<'  was  a  student  of  medicine  and  had  lived 
with  Dr.  Shippen,  Sr.,  as  an  apprentice,  *  for  the  last  eight  years  ; '  that 
he  had  regularly  attended  the  courses  of  Dr.  Shippen,  Jr.,  and  knew 
where  the  subjects  employed  in  his  lectures  were  from.    He  said,  '  none 
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were  ever  taken  out  of  ftnj  burjiog  gruuud  of  a  Religious  Society  in 
this  citj.' " 

When  Dr.  Shippen's  lectures  were  interrupttHlj  in  1775,  by  tlie 
breaking  out  of  the  Revolution,  Jiis  class  numbered  between  thirty 
and  forty  students.  Early  in  1 777,  he  was  appointed  Medical 
Director  General  of  the  Continental  army.  Tn  1778,  he  resuine<l 
his  lectures  in  Philadelphia.  In  1781,  he  resigned  his  position  in 
the  army  to  devote  himseJf  to  the  medical  school.  Dr.  Caspar 
Wistar  became  8hippen's  associate  in  1792*  Dr.  Shippen  died  in 
1808. 

In  New  York  and  Massachusetts,  as  in  Pennsylvania,  the 
anatomists  were  the  founders  of  the  first  me<lical  schools.  The 
medioal  department  of  King's,  now  Colnmbia  College,  was  organ- 
ised in  New  York,  in  1767.  Dr.  Samnel  Clossy,  an  Irishman, 
who  began  his  coarse  of  lectures  on  anatomy  in  New  York  in 
1763,  was  chosen  the  first  professor  of  anatomy  in  King's.  Dr. 
John  Warren,  who  from  1777,  till  the  close  of  the  Bevolntion, 
had  served  as  surgeon-in-chtef  of  the  military  hospitals  at  Boston, 
gave  a  private  course  of  dissections  to  a  class  of  medical  students 
in  that  city  in  1780.  In  the  following  year  he  crave  a  pul)lic 
course  of  anatomical  lectures,  the  success  of  which  led  to  the 
organization  of  the  Harvard  Medical  Sciiool  in  1782.  Dr.  Warren 
was  the  first  professor  in  the  new  school.  He  was  for  many  years 
its  presidin^i:  STcniup,  and  held  tlie  proic.-sorstup  of  anatomy  and 
surgery  till  his  death  in  1815.  It  was  chiefly  thronj^h  tin  (  i Torts 
of  Dr.  Nathan  6mith,  that  the  Dartmouth  Medical  School  was 
founded,  in  1797.  Dr.  Smith  was  ap|X)inted  "to  deliver  public 
lecture  upon  Anatomy,  Sui^ry,  Chemistry,*  Materia  Mediai,  and 
the  Tbeoiy  and  Practice  of  Physic."  To  the  Dartmouth  School 
is  usually  assigned  the  fourth  and  final  place  on  the  list  of  Ameri- 
can schools  of  medicine  founded  before  1800. 

Thanks  to  the  efforts  of  Thomas  Jefferson,  in  1779,  Vii^inia  can 
claim  a  place  on  that  list  for  the  medical  department  of  William 
and  Mary  College.  "I  efiected  in  that  year,  1779,"  he  says  In 
his  autobiography,  <'a  change  in  the  organisation  of  that  institu- 
tion by  abolishing  the  Grammar  school  and  the  two  professorshipe 
of  Divinity  and  Oriental  languages,  and  substituting  a  professor- 
ship of  Law  and  Police,  one  of  Anatomy,  Medicine,  and  Chemis- 
try, and  one  of  Modern  Languages.''  In  1778,  Mr.  Jefferson  drew 
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iTp  a  "Bill  proportionin*;  Crimes  ami  piinishmonts  in  Cases  hereto- 
fore capital.''  Among  its  provisipns  was  the  foliovving:  "If  any 
person  commit  petty  treason,  or  a  hasband  murder  his  wife,  a 
parent  his  child,  or  a  child  his  parent,  he  shall  suffer  death  by 
hanginjr,  and  his  body  be  delivered  to  Anatomists  to  be  dissected." 
This  bill  was  lost  by  the  majority  of  a  single  vote,  and  VirgiDia 
lost  the  opportunity  of  pusing  the  first  American  Aet  to  legalise 
anatomy  in  even  a  small  way.  Virginia  as  yet  has  no  anatomy 
act 

In  December,  1692,  the  j>rovince  of  Maseaohasetta  Bay  incor- 
porated the  major  portion  of  the  English  Act  of  1604  against 
witchcraft  among  its  statntes*  The  history  and  provisions  of  this 
Act  are  worthy  of  more  than  passing  mention,  becaase  it  contains 
not  only  the  first  American,  bat  also  the  first  English,  statutory 
prohibition  of  the  desecration  of  graves,  and  indieates  full  well 
that  the  belief  in  sorcery  was  a  potent  factor  in  pojmlar  prejudice 
:i<j^ainst  human  <li^^seetionR.  In  the  preamble  to  an  Act  for  "the 
appointing  of  Physieiaiis  and  Surgeons,"  passed  in  o  Henry  VIII., 
1511,  it  is  recited  that  **8o  tar  forth  were  the  S<*ienc€  an<l  ( 'iinuing 
of  Physiek  and  Surfrcry  practised  hv  ignorant  persons,  that  eoui- 
raon  Artilicers,  as  Smiths,  Weavers,  and  Women,  boldly  and 
acetistomably  took  upon  themselves  great  cures,  and  things  of 
great  Difficulty,  in  the  which  they  partly  use  Sorcery  and  Witoh- 
craft,  partly  apply  such  medicines  unto  the  Disease  as  be  very 
noioos  and  nothing  meet  therefor."  The  practice  of  witchcraft 
was  first  made  a  felony,  punishable  with  death  and  the  forfeiture 
of  estate  to  the  King,  in  1541.  This  Act  of  the  Parliament  of  33 
Henty  VIII.  was  repealed  six  years  later,  in  the  first  year  of 
EdwaidYI.;  hot  in  1565,  the  fifth  year  of  Queen  Elizabeth,  it 
was  rp^naoted  with  a  saving  clause,  whereby  dower  was  secured  to 
the  widow  and  inheritance  to  the  heir  of  the  felon.  In  1604,  the 
first  year  of  James  I.,  the  Act  of  5  Elisabeth,  as  well  as  that  of  the 
9th  Parliament  of  Mary  of  Scotland,  was  repealed,  and  an  Act  for 
"the  better  restraining  and  more  severe  punishing  of  witchcraft 
and  dealing  with  evil  and  wicked  spirits,"  was  passed.  It  eon- 
tain<'d  the  following  provision,  new  tu  the  English  law:  "If  any 
perMJU  shall  take  up  any  dt'inl  man,  woman,  or  child  out  of  his, 
her,  or  their  grave,  or  any  other  {jIucc  where  the  dead  body  restetli, 
or  the  skin,  hone,  or  any  other  part  of  any  dead  person,  to  he 
employed  in  any  mauuer  ol  witchcrait,  iuclmutmcut,  charm,  or 
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aomevjf  whereby  any  penoD  shall  be  killed,  destroyed,  wasted, 
consamed,  pined,  or  lained  in  his  or  her  body,  or  any  part  thereof," 
every  such  oflender  "shall  suffer  pains  of  death  as  a  felou,  and  shall 
lase  the  benefit  ofelergy  and  sanctuary." 

This  Act  \Na-.  cited  formally  in  indictments  drawn  in  Marykuid 
in  lti74,  and  in  Massachusetts  in  the  spring;  of  1692,  and  was 
acknowledL'"*''^  to  be  in  full  force  in  Pennsylvania  in  1G84.  Massa- 
chusetts s(  < ma  tu  have  been  the  only  colony  to  enilxxly  it  in  its 
laws.  1  he  Privy  Council  rej)e3le<l  the  Act  in  1695,  because  it 
was  "not  found  to  agree  with  ye  Statute  of  King  James  the  First 
whereby  ye  Dower  is  saved  to  ye  Widow  anrl  ye  Inherttanoe  to  ye 
heir  of  ye  party  convicted."  The  English  Act  remained  un- 
repealed till  1736;  and,  so  late  as  171 2^  was  declared  to  be  in 
force  in  South  Carolina.  It  does  not  appear  that  any  '^re?urreo< 
tionist"  was  ever  oonvicted  under  it  in  America.  The  fint 
American  Act  to  prevent  the  digging  up  of  bodies  for  dissectioDi 
was  the  New  York  Act  of  1789» 

As  we  have  already  seen,  Pennsylvania,  New  York,  Yirginiay 
Massachusetts  and  New  Hampshire  ail  had  medioal  schools  pre- 
viously to  1800.  As  late  as  1782,  when  the  Harvard  Medical 
School  was  organisedi  no  one  of  the  above-mentioned  States  had  a 
law  in  its  statute  books  touching  the  dissection  of  the  dead  or  the 
desecration  of  their  graves.  The  utmost  help  given  to  anatomists 
was  the  occasional  allowance  of  ihe  body  of  a  suicide  or  execute<l 
criminal. 

Possibly,  Governor  John  Wiulhrup,  who  was  read  in  physic, 
may  have  authorized  his  kinsman,  Giles  Firiuin,  to  make  the 
anatomy  mentioned  by  Kliot.  Prior  to  ilie  Kevolution,  the  royal 
governors  could  order  the  dis-^ection  of  a  murderer's  body.  In 
1778  the  State  of  \'iri;iaia  refused  to  sanction  the  di^nection  of 
executed  murderers;  and  has  apparently  remained  in  a  state  of 
arrested  development  ever  since,  so  far  as  any  ap|>reciatioa  of  the 
claims  of  anatomy  is  concerned.  Massachusetts,  in  1784,  pa.ssed  a 
law  allowing  the  dissection  of  dead  duelists,  thereby  unwittingly 
reproducing  in  spi  ir,  though  rtot  in  letter,  a  canon  of  the  medieval 
church,  which  denied  Christian  burial  to  men  slain  in  tournaments. 
New  York,  in  1789,  in  order  that  science  might  not  be  injured  by 
its  law  of  that  year  regarding  disinterment,  made  it  lawful  for  the 
courts  to  add  dissection  to  the  death  penalty  in  cases  of  murder, 
arson  and  burglary.   The  First  Congress  of  the  United  States,  by 
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the  act  of  April  30,  1790,  gave  fefferal  jiKlpes  the  discretion  of 
adding  dipsection  to  tlie  sentence  of  convifttd  nuirdciers,  A  simi- 
lar act  wH'^  paspcd  by  New  Jersey  in  1790.  iS'o  tiace  ut  progress, 
\Yorth  mentioning,  in  this  class  of  legislation,  sinee  the  enactments 
noted,  is  to  be  iound  in  the  nio6t  recent  revisioDfi  of  statutes,  either 
of  the  United  States  or  of  New  Jersey. 

The  Act  of  Massachasetts,  passed  in  1784,  against  duelling,  is  a 
noteworthy  one,  by  reason  of  the  fact  that  it  contains  the  first 

,  anthorization  on  the  part  of  an  American  legislature  of  the  diasec- 
tion  of  the  dead  bodies  of  malefactors.  The  province  had  enacted 
kwa  for  tbe  jweyentton  of  duelling,  in  1719  and  1729.  That  of 
1719  provided  penalties  in  the  way  of  fine,  imprisonment,  and 
corporal  punishment — any  or  all  of  them,  at  the  court's  discretion 
— ^for  those  convicted  of  engaging  in,  or  challenging  another  to 
engage  in,  a  dnel.  Under  the  Act  of  1729,  duellists  and  their 
aooompUces  were  carried  in  a  cart  to  the  gallows  with  a  rope  about 
the  neck,  "and  after  sitting  for  the  space  of  one  hour  on  the 
gallows,  with  the  rope  about  his  neck  as  aforesaid,"  the  offender 
was  confined  in  the  common  jail  for  one  year,  and  at  the  expira- 
tioiji  of  liis  sentence  \uks  required  to  find  sureties  for  his  good 
behavior  lor  the  succeeding  twelvemonth.  The  Acts  of  1729  and 
1784,  both  ileuied  Christian  burial  to  tin  1  todies  of  nu-n  killed  in 
a  duel.    Moreover,  it  was  piovuied  in  section  Z  of  the  Act  of 

•  1784,  "that  when  it  shall  appear  by  tlie  coroner's  inquest  that  any 
person  hath  been  killed  in  fighting  a  duel,  the  coroner  of  the 
county  where  the  fact  was  committed  shall  be  directed  and 
empowered  to  take  effectual  care  that  the  body  of  such  person  so 
killed  be  immediately  secured  and  buried  without  a  coiBn,  with  a 
stake  drove  through  the  body,  at  or  near  the  usual  place  of  ezeeu^ 
tion,  or  shall  deliver  the  body  to  any  surgeon  or  surgeons,  to  be 
dissected  or  anatomized,  that  shall  request  the  same  and  engage 
to  apply  the  body  to  that  use."  Section  4  ordains  ^Uhat  any 
person  who  shall  slay  or  kill  another  in  a  duel,  and  shall,  upon 
conviction  thereof  on  an  indictment  for  murder,  receive  sentence 
of  death,  part  of  the  judgment  of  the  court  upon  such  conviction 
shall  be  that  the  body  be  delivered  to  any  surgeon  or  surgeons,  to 
be  diesected  and  anatomized,  that  shall  aj)pear  in  a  reasonable 
time  ftfler  exeentba  to  take  the  body  and  engage  to  apply  It  to 
that  purpose.*' 
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If  the  Maseechoaetts  legislatora  id  1784  had  any  intention  of 
reoognieing  the  needs  of  the  anatomists,  th^  fhiled  to  declare  it^ 

so  that  New  York  was  the  first  State,  by  section  2  of  its  Act  of 
1789,  to  express  the  desire  tliat  "  science  might  not  in  this  respect 
be  injured  by  preventing  the  dissection  of  proper  Hubjeets.'*  It 
was  not  till  the  puiisiige  of  the  Maj^sjiehusetts  Act  of  1831  that  any 
State  reallv  undertook  to  "  legalize  the  study  of  anatomy." 

Tt  is  most  likely  that  the  provi-inn>  of  the  Act  of  1784  touching 
di--*<  tioD  were  desi-rnetl  to  nialvr  duelling  a  specially  infamous 
otlem  e.  This  was  quite  in  keeping  with  the  English  law  re- 
garding (lisppction.  In  176*2,  the  Parliament  of  22  George  II.,  '\n 
order  tiiat  ** some  further  terror  and  peculiar  Mark  of  Inftmy 
might  be  added  to  the  Punishment  of  Death,"  legalized  the 
delivery  of  the  bodies  of  executed  murderei^  to  the  Surgeons  for 
difisectiou.  This  must  have  been  the  Act  from  which  the  royal 
governors  derived  authority  to  dispose  of  murderers'  bodies  in 
Massachusetts  in  the  manner  indieated  in  the  following  extract, 
taken  from  the  Life  of  Dr.  John  Warren,  by  Edward  Warren, 
H.  page  230:  At  this  period  [just  prior  to  the  Revolution] 
the  governor  had  the  disposal  of  the  body  of  the  criminal  afler 
execution.  He  might  order  its  delivery  to  the  man's  friends,  to 
any  one  to  whom  he  Himself  assigned  it,  or  to  a  snigeon*  The 
prisoner,  with  the  governor's  assent,  might  make  his  own  arrange- 
ments even  for  the  sale  of  his  body,  if  he  was  so  disposed,  either 
for  the  benefit  of  his  &mily  or  his  own  brief  enjoyment." 

It  is  to  be  remarked  that  the  Act  of  1752  required  the  Judges  to 
add  either  dissection  or  hanging  in  chains  to  the  death  sentence  of 
murderers,  and  that  previously  to  1832,  when  the  Warburton 
Anatomy  Bill  was  passed,  there  seems  to  have  been  no  warrant  in 
English  law  for  any  sort  of  l)ar>!:ain  concerning  a  cadaver.  Tlio 
only  legal  mode  of  disposing  of  a  dead  body,  excelling  in  ease  of 
nialelactor.^,  was  to  lairv  it.  Once  buried,  it  was  an  indictable 
offence  at  coin  in  on  law  tor  any  person  to  exhume  it,  except  by  the 
leave  of  the  projx  r  otliccrs. 

The  New  York  Act  of  178S)  is  ol"  especial  interest;  l)oth  on 
account  ot"  the  circutnslances  which  led  to  its  enactment  and  because 
it  may  fairly  be  considered  the  germ  of  all  subsequent  American 
legislation  concerning  the  cadaver.  The  xict  ot  17.SH  seems  to 
have  owed  its  existence  to  the  Doctors*  Riot,  in  New  York  City,  , 
in  April,  1788.   If  you  will  turn  to  the  issue  of  the  iVeio  York 
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Jouma!  and  Patriotic  Daily  Regifiter,  for  Tuesday,  April  15, 1788, 
yoa  will  find  the  following:  "As  a  concise  statement  of  the  sad 
confusion  of  the  city  einoe  Sunday  last  could  not  be  ascertained  for 
this  day's  paper,  it  was  thought  proper  to  postpone  it  till  snob  ait 
one  could  be  had.  It  is  devoutly  to  be  hoped.  In  the  meantimei 
that  those  who  feel  themselves  injured  by  the  DOCTORS  will 
8EBIOD8LT  BBPLECT  upon  the  fatal  ERROR  of  revenging  their 
cause  upon  the  public  at  large/'  Imagine  the  New  York  Herald 
apologizing  for  its  inability  to  give  a  ooncise  statement  oonoeraing 
a  riot  two  days  old  I  On  Wednesday  the  Regi$ter  avows  a  peculiar 
satisfaction  in  announcing  "  that  the  unhappy  convulsions  of  this 
city  liave  very  considerably  subsided/' and  promises  "  some  par- 
ticulars respecting  this  melancholy  Ininsactioii  f'toni  j)ea(:e  to  horrid 
war  in  the  Weekly  Register  to-morrow."  The  charg;c  ot"  "his 
Honor  Ohief-J!i«»tiee  Morris/'  dclivrnd  the  day  previons  to  the 
grand  jury  at  the  Citv  ITall,  i'?  containtvl  in  the  Weekhi  lu  fjiyfrr  of 
Tluir^day,  April  17,  1788;  but  one  looks  in  vain  ibr  the  proniisod 
particulars  in  that  or  the  succeeding  isj^ues  of  the  Daily  Patriotic 
Reguier.  The  affidavit  of  Dr.  Richard  Bayley,  executed  April  14, 
is  found  in  the  Register  of  the  following  day.  la  it  he  doaies  any 
agency  or  concern  in  removing  the  bodies  of  any  person  or  per- 
sons, interred  in  any  charch-yard  or  cemetery,  belonging  to  any 
place  of  public  worship,  and  that  he  hath  not  offered  any  sum  of 
money  to  procure  any  human  body  so  interred,  for  the  purposes  of 
dissection,''  and  fiirther  saith, that  no  person  or  persons  under 
his  tuition  have  had  any  agency  or  coooern  in  digging  up  or 
removing  any  dead  body  interred  in  any  of  the  church-yardi  or 
cemeteries,  to  his  knowledge  or  belief,  and  further  this  deponent 
saith  not''  Similar  affidavits  on  the  part  of  Ebeneser  Graham, 
John  Parker,  and  George  Giliasjn',  pupils  of  Dr.  Charles 
McKnight,  professor  of  anatomy  ;  also  of  Dr.  McKnight  himself, 
and  of  John  Hicks,  Sen.,  aro  to  he.  found  in  tlie  Weekly  Regviter^ 
which  contains  not  only  the  CliiL'l-JuHtice's  charirt',  ahvady  men- 
tioned, hut  also  the  curd  of  William  Neilson,  Foremau  of  the 
Grand  Jury.  The  strand  jury  ''do  retpiest  tliai  thoso  persons  wlio 
can  give  any  intbrination  that  n>ay  lead  to  a  discovery  will  ac- 
quaint them  therewith  during  their  prf»**ent  sitting,  at  Simmons' 
Tavern,  in  Wall  Street."  We  tind  the  local  news  of  the  New 
York  of  a  hundred  years  sincte  best  reported  in  tlic  New  York 
letters  of  the  Boston  and  Philadelphia  papers.  The  Boeton  Qazelte 
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and  the  Country  Joumat,  in  its  issues  of  April  28  and  May  5,  1788, 
containw  full  accounts  ot"  the  Ntw  York  mob,  Tho  first  act'onnt 
is  from  ;i  letter  written  April  16,  by  one  who  had  borne  arius 
aguin.sl  the  rioters.  I  give  the  seconJ,  botli  l»erause  it  i«!  shorter, 
and  because  its  writer  seems  to  liave  taken  especial  paius  to  be 
accurate. 

Nsw  York,  April  S5th, 

As  exaggerated  accoonts  of  the  late  riots  in  this  city  have  been  dr- 
colated  tbroagb  different  parts  of  the  eonntry,  we  have  obtained  the 
following  particulars  of  that  nnbappy  event:  Doring  the  last  Winter, 
some  students  of  physic  and  other  persons  had  dog  op  from  sereral  of 
the  cemeteries  in  this  city  a  number  of  dead  bodies  for  dissection. 
This  practice  had  been  conducted  in  so  indecent  a  manner  that  it  raised 
a  considerable  clamor  among  the  people.  The  interments  not  only  of 
strangers  and  the  blacks  had  been  disturbed,  bnt  the  corpses  of  some 
respectable  persons  had  been  removed.  These  ctrcnmstanoes  most 
sensibly  agitated  t)ie  feelings  of  the  friends  of  the  deceased,  and 
wrought  up  the  passions  of  the  populace  to  a  ferment 

On  Sandaj,  the  i:Sth  instant,  a  number  of  boys,  we  are  informed, 
who  were  playing  in  the  r<'ar  nf  the  hospital,  perceived  a  limb  which 
was  imprudently  hung  out  of  the  window  to  dry  ;  they  immediately 
informed  some  persons;  a  nnUtitude  soon  collected,  entered  the  hospital, 
and,  in  their  fury,  destroyed  a  number  of  anatomical  preparations,  some 
of  which,  we  are  told,  were  imported  from  foreign  countries;  one  or 
two  fresh  subjects  were  fonTul.  nil  of  which  were  interred  the  same 
eveniiii^  Revrral  Vduntr  doctors  iiarrowlv  e^cHped  the  fury  of  the 
people,  ami  wuiilti  iiit-vital)!?  have  sutlVr< d  v<  ry  seriouslr  had  not  His 
Honor  the  Mayor,  the  Sheritf  and  souie  (jther  jx^rsons  interfered  and 
rescued  them  by  lod^'in^-  thfin  in  a  guul.  'Ihe  tVt(  of  irood  order 
hoped  that  the  all'air  would  have  ended  here;  but  they  were  unhappily 
mistaken.  On  Monday  morning  a  number  of  people  collected,  and 
were  deternuned  to  search  the  hi)n><  s  ot  the  suspected  physicians.  His 
Excellency  the  Uovuraor,  His  Honor  ihe  Chancellor,  and  His  \Vorshi|) 
the  Mayor,  finding  timt  the  passions  of  the  people  were  irriiutcJ,  weut 
among  them  and  endeavored  to  dissuade  them  from  committing  mi- 
necessary  depredations.  They  addrestsed  the  people  pathetically  and 
promised  them  every  satisfaction  which  the  laws  of  the  country  can 
give.  This  had  considerable  effect  upon  many,  who,  after  examining 
the  hoQses  of  the  suspected  doctors,  retired  to  their  homes.  Bnt  in  the 
afternoon  the  affair  assumed  a  different  aspect.  A  mob,  more  fond  of 
riot  and  confusion  than  a  reliance  upon  the  promises  of  the  magistrates 
and  ol>edience  to  the  laws,  went  to  the  gaol  and  demanded  the  doctors 
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who  were  there  irapHsoned  The  rniii,'-ist rates  tiiidiii|j:  ihnt  the  mild 
language  of  persuasion  was  of  no  avail,  were  obliged  to  order  out  the 
militia  to  suppress  the  riot,  to  inaititnin  tlie  dignity  of  the  crovernraent, 
and  protect  the  gaol.  A  small  parly  of  about  eighti  lu  ui  tuod  men  as- 
sembled at  3  o'cloL'k  and  marched  thither.  The  mol)  permitted  them 
to  pass  tlirongh  with  no  other  insult  than  a  few  vuHeys  of  stones,  dirt, 
etc.  Another  ])arty  uf  about  twelve  men,  about  an  hour  afterward, 
made  a  similar  attempt,  bat  having  no  order  to  resist,  the  mob  sur- 
rounded them,  seized  and  destroyed  their  arms.  This  gave  the  mobility 
fresh  courage;  they  then  eodeaTored  to  force  the  gaol;  bat  were 
repulsed  by  a  handful  of  men,  who  barely  sustained  an  attack  of  seTeral 
hoors.  They  then  destroyed  the  windows  of  that  building  with  stones, 
and  tore  down  part  of  the  fence.  At  dusk  another  party  of  armed 
citizens  marched  to  the  relief  of  the  gaol,  and,  as  they  approached  it, 
the  mob  huzzaing  began  a  hea?y  fire  with  brickbats,  etc.  Several  of 
this  party  were  much  hurt,  and  in  their  own  defence  were  obliged  to 
fire;  npon  .wbieh  three  or  four  persons  were  killed  and  a  number 
wounded.  The  mob  shortly  after  dispersed.  On  Tuesday  morning 
the  militia  of  Qeneral  Malcom's  brigade  and  Col.  Banman's  regiment 
of  artilleiy  were  ordered  out,  and  a  detachment  firom  each  were  under 
arois  during  that  day  and  the  subsequent  night  But  happily  the  mob 
did  not  again  collect,  and  the  peace  of  the  city  is  once  more  restored. 

Dr.  J.  M.  Toner,  of  Washington,  in  his  useful  Annals  of  Medical 
Prncrross,  states,  p.  97,  that  "the  doctors'  mob  in  1788,  marked 
the  last  serioua  resistance  of  the  populace  to  the  t(  :i<  lilng  of  practi- 
cal anatomy  in  America."  The  very  next  year,  however,  as  we 
learn  from  Griffiths'  ^'Annals  of  Baltimore,''  the  body  of  one 
Cassidy,  lately  executed,  was  obtained  for  dissection,  but  was 
discovered  by  the  populace  and  taken  from  the  gentlemen  who 
were  then  studying  anatomy  and  surgery."  Dr.  Nathaniel  Potter, 
in  a  pamphlet  published  in  1838,  entitled  ''Some  Account  of  the 
Rise  and  Progress  of  the  University  of  Maryland,"  alludes  to  the 
destruction  in  1807  of  the  Anatomical  Theatre  of  Dr.  Jno.  B. 
Davidge,  then  a  private  teacher  of  anatomy  and  surgery.  Dr. 
Davidge  had  erected  a  small  anatomical  theatre,  at  his  own 
exj>ense  and  on  his  own  ground.  "  It  was  discovered  by  the 
populace  tlv.it  lie  had  introduced  a,  giibjcct  for  disseciiDu ;  the 
assemblaije  mI  a  few  boys  bctVire  tlie  d*H>r  \va,s  soon  a(;cnnmlated 
into  a  thickly  embodied  iiiol),  which  demolishctl  the  boii-c  and 
put  a  perioii  to  all  Airther  proceedings  for  that  H-  asoii,''  "Sru  h 
were  the  vulgar  prejudices  against  dissections,"  he  adds,  'Uiiat 
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little  sympathy  was  felt  lor  the  doctor's  loss.''  I  have  been  told 
tiwt  a  somewhat  similar  riot  ooourred  in  New  Haven  about  the 
year  1820 ;  I  have  not  been  able  to  verify  the  statement,  however. 

The  name  of  Warren  is  most  intimately  associated  with  the  rise 
and  progress  of  anatomical  science  in  Massachusetts.  Dr.  John 
Warren  while  a  student  in  Harvard  College,  where  he  graduated 
in  1771,  was  the  leadin-;  spirit  in  I'orining  a  private  anatomical 
society,  com {)'>-i  <l  of  stmlcnts.  He  says  ot"  it  tiiat  "  brutes  were 
di<*secteil  and  domonstrations  on  the  hone?  of  tlif  human  skpleton 
were  delivered  by  the  members.''  The  Anatomical  Society  and 
the  Spunker  Club,  to  which  there  are  frequent  allusions  in  the  Life 
of  Dr.  John  Warren,  seem  to  h:iv  ■  been  identiciil.  Dr.  Warren 
was  the  principal  lecturer  of  tlie  club.  His  most  zealous  asso* 
oiates  were  his  classmates,  Jcmathan  Norwood,  William  Eustis,  class 
of  1772,  and  David  Townsend  and  Samuel  Adams,  of  the  class  of 
1770.  Adams  was  a  son  of  Samuel  Adams  the  patriot.  Eustis, 
Adams,  and  Warren  all  studied  medicine  with  an  elder  brother  of 
the  latter.  Dr.  and  General  Joseph  Warren.  Enstis,  Warren, 
Townsend,  and  Adams  became  surgeons  in  the  Continental  army. 
Adams  died  in  1778.  Eustis,  lived  to  become  governor  of  Massa- 
chusetts in  1823.  Warren  was  surgeon-general  of  the  military 
hospital  at  Boston,  from  June,  1777,  till  the  close  of  the  Revolu- 
tion, and  was  the  first  professor  of  anatomy  and  surgery  of  the 
Harvard  Medical  School,  ol'  wliich  he  was  practically  the  founder. 

Some  notion  ut"  the  luctliods  of  study  of  the  Spunker  Club  may 
be  gained  from  the  following  extracts  from  letters  written  by 
Eustis  to  Warren,  prior  to  1775:  "This  may  serve  txi  iiil'orm  you 
that  OS  soon  as  the  bf)dy  of  Tievi  Ames  was  pronounced  dciul,  by 
Dr.  JetVries,  it  was  delivered  by  rlu'  sheriff  to  a  person  who  carried 
it  in  a  cart  to  the  water  side,  where  it  was  received  into  a  l)oat 
filled  with  about  twelve  of  Still  man's  crew,  who  rowed  it  over  to 

Dorchester  Point,   When  we  saw  the  boat  at  Dorchester 

Point,  we  hud  a  consultation,  and  Norwood,  David,  One  Allen  and 
myself  took  chaise  and  rode  round  to  the  Point,  Spunkere  lik^; 
but  the  many  obstacles  we  had  to  encounter,  made  it  eleven  o'clock 
before  we  reached  the  Point,  where  we  searched  and  searched,  and 
rtd,  hunted,  and  waded,  but,  alas,  in  vain !   There  was  no  corpse 

to  be  found  We  have  a  from  another  place,  so 

Church  shan't  be  di8a[)pointed.  P.  S.  By  the  way,  we  have  since 
heard  that  Stillman's  gang  rowed  him  back  from  the  Point  up  to 
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the  town,  and  after  laying  him  out  in  mode  and  iigure  buried  bim, 
G(k1  knows  where!  Clark  &  Co.  went  to  the  Point  to  look  for 
]iim,  but  were  disappointeil,  as  well  as  we."  No  wonder  that  the 
same  writer,  in  anotlier  letter,  says,  'Mi(K>d  heavens!  to  reflect  on 
the  continued  bar*  we  are  nieeting  in  onr  pursuits!  It  seems  .is 
if  fate  had  placed  medical  knoyii<^^  projtmda  in  pxUeo,  aaxi»  d 
vix  mobilibm  mbmerm,'* 

It  is  not  yet  one  hundred  years  since  Dr.  John  Warran  delivered 
the  first  course  of  public  anatomicnl  lectures  ever  given  in  Massa- 
cboaetts,  in  oompliance  with  a  vote  of  invitation  passed  by  the 
Boeton  Medical  Society,  November  3,  1781.  It  is  scarcely  fi% 
years  since  the  Massachusetts  Medical  Society  began  to  agitate 
the  question  of  legalising  the  study  of  anatomy.  The  Harvard 
Medical  Sofaool,  in  the  ninely-eight  years  of  its  history,  has  had 
but  three  profoBSors  of  anatomy,  namely,  Dr.  John  Warren,  pro- 
fessor of  anatomy  and  surgery  from  1782  till  IS  16,  when  he  died ; 
Dr.  John  C.  Warren,  professor  of  anatomy  and  surgery  from  1815 
to  1847,  when  be  resigned ;  and  Dr.  Oliver  Wendell  Holmes,  pro- 
fessor of  anatomy,  who,  like  the  elder  Warren,  baa  held  his  chair 
thirty-three  years. 

Dr.  John  Warren's  son  and  successor,  Dr.  John  C.  Warren,  was 
three  vears  old  in  1781,  tiie  vear  tiic  Ma^saehusetts  Medieal  Soci- 
ety  was  incorporated.  Fifty  years  later,  as  one  of  the  most  prom- 
inent members  of  that  aociety,  February  2,  1831,  be  lectured  before 
the  members  of  the  Massachusetts  JALiislature,  in  the  representa- 
tives' chamber,  on  the  iStudy  of  Anatomy,  in  acc^ordance  with  a 
vote  ol  the  liouse  ot" representatives,  passed  January  29,  1831.  At 
the  time  of  tiiis  lecture  the  anatomy  bill,  which  bccai»ie  a  law  ou 
the  28th  of  that  month,  was  still  pending. 

No  better  testimony  concerning  the  obstacles  which  beset  the 
pursuit  of  anatomical  science  during  those  fifty  years  cjin  be  given 
than  is  found  in  the  Biographical  Notes  of  Dr.  John  O.  Warren, 
from  which  we  quote:  *^No  occurrences  in  the  course  of  my  life 
have  given  me  more  trouble  and  anxiety  than  the  procuring  of 
subjects  Ibr  dissection.  My  father  began  to  dissect  early  in  the 
Revolutionary  War.  He  obtained  the  office  of  army-surgeon  when 
the  Revolution  broke  out,  and  was  able  to  procure  a  multitude  of 
subjecta  from  having  access  to  the  bodies  of  soldiers  who  had  died 
without  relations.  In  consequence  of  these  opix>rtuuitie8  he  began 
to  lecture  on  anatomy  in  1781.  After  the  peace  there  was  great 
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difficulty  in  getting  subjects.  Bodies  of  executed  criminals  were 
occasionally  procured,  and  sometimes  a  pauper  iiubject  was  ob- 
tained, averaging  not  more  than  two  a  year.  While  in  college  I 
began  tlie  l)usine*?5?  of  o-ettinp:  subjects  in  1796.  Having  under- 
stood that  a  man  vviiliout  relations  was  to  be  buried  in  the  North 

Burying-Ground,  I  tunned  a  party   When  my  latlier 

came  up  in  tlie  morning  to  lecture,  and  found  that  T  had  been 
en<j^aged  in  tliis  seraj>e,  he  was  very  much  alarmed,  but  when  tlie 
body  was  uncovered,  and  he  saw  what  a  fine,  hcnltliv  j^ubject  it 
was,  he  .^cemed  to  bo  much  pleased  sis  1  ever  saw  him.  This 
body  lasted  the  course  through.  Things  went  on  this  way  till 
1807,  when,  with  the  cooperation  of  my  father,  I  o|>ened  a  dis- 
secting-room at  49  Marlborough  Street.  Here,  by  the  aid  of 
students,  a  large  suppljr  of  bodies  was  obtained  for  some  years, 
affording  abundant  means  of  dissection  to  physicians  and  students. 
In  the  meantime,  however,  schools  began  to  be  formed  in  other 
parts  of  New  England,  and  students  were  sent  to  Boston  to  pro- 
cure subjects.  The  exhumations  were  conducted  in  a  careless 
way.  Thus  the  suspicion  of  the  police  was  excited;  they  were 
directed  to  employ  all  the  preventive  measures  possible,  and 
watehes  were  set  in  the  burying-grounds.  Thus  the  procuring  of 
bodies  was  very  much  diminished,  and  we  were  obliged  to  resort 
to  the  most  dangerous  expedients,  and,  finally,  to  the  city  of  New 
York,  at  a  great  expense  of  money  and  great  hazard  of  being 
discovered.  Two  or  three  times  our  agents  were  actually  seized 
by  the  police,  and  recognized  to  appear  in  court.  One  or  two 
were  brought  in  guilty,  and  punished  by  fine,  but  the  law  officers, 
bein^  more  liberal  in  their  views  than  the  city  officers,  made  the 
penally  as  small  as  possible.  Constant  efforts  were  neec.^jiary  to 
cany  on  this  business,  and  every  F|»ccies  ot"  danij^er  wa^>  involved 

ill  its  prosecution   ^'\.L  that  time  scarcely  any  exhumation 

tH  riirred  wiihout  accidents  of  the  most  disagreeable  and  somctirn^i 
paiatiil  character.  The  reconl  of  them  woidd  make  a  i)lack-buuk, 
which,  thoiiirl*  ilie  odium  of  it  should  l)elon<i  to  lew  individuals, 
would  do  no  credit  to  the  enlightenment  ot  lioston  in  the  nine- 
te<  iilli  century,  mx]  convey  an  idea  of  the  state  of  feeling  of  a 
proiej-sor  of  auatumy  on  tiic  approach  and  duriug  the  course  of 
his  anatonn(^l  pursuits. 

"Sometimes  popular  excitement  was  got  up,  and  the  medical 
college  threatened.    I  had  r<jasous,  at  some  |ieriods,  even  to 
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appreherul  attacks  on  my  dwellinrr-houso.  Wlioiu  ver  the  lectures 
approached,  a  state  ot  incessant  anxiety  came  with  them.  At 
length  the  pressure  was  so  great  that  it  was  resolved  to  make  an 
effort  io  the  legislature,  though  with  little  hope  of  success." 

If  it  were  necessary,  eviflonce  to  corroborate  that  of  Dr.  Warren 
might  be  inrlcnnitely  multiplied  from  the  published.and  unpub* 
lished  traditions  of  the  elders.  We  content  ourselves  with  the 
mention  of  one  episode*  .  About  1820  a  highly  respectable  phy- 
sician of  Eastern  Massachnsetts,  being  detected  in  anatomical 
pursuits,  was  obliged  to  flee  the  State.  In  a  distant  community, 
which  to  this  day  has  no  anatomy  Act,  he  won  eminence  as  a 
teacher  of  anatomy  and  practitioner  of  medicine. 

Br.  H.  I.  Bowditch,  in  his  Life  of  Amos  Twitchell,  M.  D.,  treats 
fully  of  the  condition  of  affairs  in  New  England,  when  the  law 
said,  as  he  puts  it,  "  A  man  who  is  found  with  a  body  in  his  pos- 
session for  tlic  phrpose  of  dib.secLiou  aliall  be  considered  guilty  of 
a  lelouy," 

It  was  chiefly  due  to  the  efforts  of  the  Ma^^achuset(s  Medical 
Society  that  MusPachusetts,  in  1831,  was  induced  to  anticipate  all 
Engl i.sli-speakini;  States  in  the  enactnieiit  of  a  lil)eral  law  regarding 
anatomical  science.  The  lirst  detinite  action  of  the  society  seems 
to  have  been  taken  by  the  councillors  February  4,  1829,  when,  on 
the  motion  of  Dr.  A.  L.  Peirson,  of  Salem,  a  committee,  coQbi^t- 
ing  of  Drs.  John  C.  Warren,  E.  Alden  and  A.  L.  Peirson,  was 
appointed  *'to  prepare  a  petition  to  the  legislature  to  modify  the 
existing  laws  which  now  operate  to  prohibit  the  procuring  of  sub- 
jects for  anatomical  dissections.'*  Previous  attempts,  however, 
seem  to  have  been  made  to  weaken  popular  and  legislative  preju- 
dices. Public  attention  had  been  forcibly  called  as  early  as  18;£0, 
in  the  case  of  the  physician  above  alluded  to,  to  the  unsatisfiuitory 
working  of  the  law  of  1815,  ''to  protect  the  sepulchres  of  the 
dead."  It  is  said  that  a  year  or  two  later  a  private  teacher  of 
anatomy,  in  Boston,  f«)iind  one  morning  on  his  dissecting-table 
the  body  of  a  prominent  actor,  then  recently  deceased.  The 
anatomist,  who  had  been  a  particular  admirer  and  friend  of  the 
actor's,  caused  the  body  to  be  returned  to  the  tmnh,  under  Trinity 
Church,  ii'om  which  it  had  been  stolen,  and  acquaintHl  the  authori- 
ties witli  the  circumstance.  Tlii.-  occurrence  seems  never  to  fiave 
been  made  public,  hut  the  physicians  and  autliorities  agreed  tliat 
the  laws  must  be  amended.   DoubtlebS  they  concluded  tiiat  the 
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public  must  be  enlitrhtened  before  anything  could  be  gained  from 
the  legislature,  ior,  in  1825,  Wells  and  Lilly  reprinted  in  pamphlet 
form  an  article  on  "  The  Imptirianee  of  the  Studv  of"  Anatomv, 
with  some  Additional  Uciuarks/' from  the  Wrs' minster  Review  o£ 
1824.  Some  writers  allude  to  eflbrts  bclore  the  leij;i>laturc  in  1828, 
but  we  have  fouml  no  documentary  proof  of  any  le;i:I^lative  action 
previous  to  that  in  the  houw  of  representatives,  February  3,  1829, 
when  the  Committee  on  the  Judiciary  was  instructed,  on  motion  of 
Mr,  F.  A.  Packard  of  Springfield,  "  to  inquire  into  the  expedieocjr 
of  making  any  farther  legal  provisions  to  protect  the  sepulchres  of 
the  dead  from  violation."  In  aocordance  with  these  instructions, 
on  February  Uth  the  Committee  reported  a  bill,  whioh,  on  being 
read  a  second  tlnn  ,  February  24th,  was  indefinitely  postponed  on 
the  motion  of  Mr.  Thomas  B.  Strong,  of  Pittsfield.  The  secretary 
of  the  Mauaohuaetta  Medical  Society  at  this  time  was  Dr.  George 
Hayward.  In  the  North  Ameiiean  Eemew  for  <lhnnary,  1831,  be 
aays  that  this  proposition,  above  noted,  to  mitigate  the  severity  of 
the  ]aw  was  hardly  listened  to  with  decency ;  members  seemed 
anxious  to  outdo  each  other  in  expressions  of  abhorrence ;  and  the 
bill  was  not  even  allowed  a  second  reading.*' 

History  repeats  itself  in  the  case  of  anatomy  Acts  no  less  than 
in  other  departments.  In  1866,  an  anatomy  bill,  alter  passing  the 
Pennsylvania  house  of  representatives,  was  withdrawn  from  the 
senate  of  that  State,  because  a  too  influential  member  of  that  body 
objected  to  it  as  heing;  "  unworthy  of  the  H'^()  in  whieli  we  live." 
The  iioxt  year,  however,  when  it  was  made  manifest  that  "  the 
budit  s  of  distineuiBhed  legislators  themselves,  after  a  life  lull  of 
|:(iod  work-;,  were  no  longer  safe  in  their  graves,"  both  senate  and 
Iiou^i-  j>a>sed  "  An  Act  for  tlie  i)rnmotinu  oi'  medical  seienee,  and 
to  prevent  the  trallie  in  human  bodieo,  m  the  city  of  Philadelphia 
and  the  county  of  Alle'^Iieny." 

At  the  aiumal  meeting  ot"  the  Fellows  of  the  Massachusetts 
Medical  Society,  June  3,  1829,  the  committee  of  three;,  ap]>ointe(i 
by  the  councillors  in  February,  reported  that  it  was  inexpedient  to 
act  upon  the  ]ictition  prepared  by  them  to  be  presented  to  the 
legislature.  Afier  a  full  discussion  of  the  report  it  was  agreed  to 
refer  the  whole  subject  to  a  committee  of  nine.  The  committee 
was  requested  to  report  at  the  October  meeting  of  the  coundllors; 
and  the  councillors  were  authorised  to  take  such  measures  as  they 
might  deem  necessary  in  behalf  of  the  society.   The  foUowiog 
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named  gentlemen  were  chosen  to  serve  on  this  committee :  Drs. 
A.  L.  Peirson,  of  Salem ;  John  C.  Warren,  John  D.  Wells,  John 
Ware,  William  Ingalls,  and  George  C.  Shattuck,  of  Boston; 
Nathaniel  Miller,  of  Franklin ;  Kebemiah  Gutter,  of  Pepperell, 
and  John  Brooks  of  Bernardaton.  When  the  councillon  of  the 
floeietj  met,  October  7ib,  the  oommittee  reported  that  on  September 
1st  a  oinmlar  letter  to  the  Fellowa  of  the  sociely  had  been  iasaedi 
^  with  8  view  of  advancing  the  objects  proposed  by  their  appoint- 
ment," and  they  recommended  to  the  oonndllors  to  cause  a  petition 
to  be  prepared  and  presented  at  the  winter  session  of  the  general 
court.  It  was  voted  to  continue  the  committee,  and  to  authoriae 
It  to  incur  an  expense  not  exceeding  one  hundred  and  fifty  dollars. 

A  droalar  letter,  dated  Salem,  September  1,  1829,  and  signed 
hy  all  of  the  committee  excepting  Dr.  Miller  and  Dr.  Cutter, 
solicits  the  aid  of  every  infliiontial  member  of  the  society  in  remov- 
ing the  popular  jin  judice  against  dissection,  "esp^'ially  its  it 
exists  in  the  mindb  of  members  of  the  legislature."  The  points 
upon  which  it  was  intended  to  rely  in  the  proposed  petition  to  the 
le<;islat lire,  are  as  follows:  "(1.)  Anatomiral  knowledge  is  abso- 
lutely neeessary  in  all  branches  of  onr  profession.  (2.)  Tliis 
knowledge  can  only  be  acquired  by  dissection.  (3.)  So  far  as  the 
poor  are  oonoemed,  it  is  for  their  especial  benefit  that  all  physicians 
should  learn  anatomy  thoroughly.  (4.)  It  is  believed  that  the 
diseases  and  lameness  of  many  paupers  have  passed  from  a  curable 
to  an  incurable  condition  for  the  lack  of  surgical  skill,  which  could 
only  have  been  derived  from  a  knowledge  of  practical  anatomy. 
(5.)  All  lovers  of  good  morals  must  feel  desirious  to  prevent  the 
growth  of  a  bpdy  of  people  who  make  it  a  business  to  violate  the 
sepulchres  of  th^  dead.  (6.)  The  public,  as  a  body,  have  a  greater 
degree  of  Interlat  in  this  matter  than  even  physicians.'^  The 
FcUowB  are  urged  to  lay  the  subject  before  the  members  of  the 
legislature,  with  whom  they  may  be  acquainted,  and  to  inform  the 
oommittee,  before  October  Ist,  concerning  their  own  views  and  the 
course  of  public  opinion  in  their  vicinity. 

The  petition  aaihorized  by  the  councillors,  and  alluded  to  by 
the  conimittee  in  the  circular,  which  was  probably  written  by 
L>i.  Teii-ion,  seems  to  have  taken  the  ahape  of  an  "Address  to  the 
Community  on  the  necessity  of  lep:tdizing  the  8tudy  of  Anatomy  : 
By  order  of  the  Massachusetts  Medical  Society."  In  the  addre-vi, 
which  covers  tweuty-seven  pages,  aud  bears  the  imprint  of  Per- 
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kins  &  Marvin,  liubtoii,  Ii32'J,  tlio  points  of  the  Salem  circular  are 
amplified  and  enforced.  The  ueltliV'SS  is  noticed  in  the  Avierican 
Journal  of  Medical  iSciences,  vol.  vi,  p.  210,  by  Dr.  W.  E.  Horner, 
of  Philadelphia,  who  characterizes  it  as  "a  candid  and  oj>en  expo- 
fiitioD  of  difficulticB,  and  of  the  means  of  relievini;  them.'*  "It 
is,"  he  says,  "a  statement  directly  to  the  point,  and  must  have 
weight,  if  common  sense  and  common  philanthrophy  are  to  be 
arbiters.  It  proposes  that  the  legal  restrictions  u\}oq  dissections 
shall  not  apply  in  the  case  of  individuals  who  have  no  living 
relatives,  and  who  have  been  kept  at  the  pablio  expense."  Dr« 
Geoige  Hay  ward  declares  that  "  this  addreas  made  a  deep  imprea* 
sion  on  the  thinking  part  of  society,  and  wrought  a  tnarvelloos 
change  in  public  opinion."  At  their  meeting,  on  February  3, 
1830,  the  coundllon  of  the  Medical  Society  authorised  the  com- 
mittee of  nine  to  print  a  new  edition  of  not  more  than  ten  thousand 
copies  of  the  Address  to  the  Community. 

Meanwhile,  on  Janiuiry  22d,  in  aoodrdance  with  a  motion  made 
by  Mr.  Mason,  of  Boston,  in  the  house  of  representatives,  the 
Committee  on  the  Judiciary  had  been  instructed  to  inquire  into  the 
expediency  of  farther  legislation  for  the  protection  of  sepulchres. 
The  Judiciary  Committee  consisted  of  Messrs.  L.  iSaltonstall,  of 
Salem;  L.  Shaw,  of  Boston;  Xewton,  of  Worcester;  Mann,  of 
l>ediiam ;  and  Wliitman,  of  Pembroke.  Mr.  Saltonstall,  the 
chairman,  made  a  detailed  report  FebruSry  25,  1830,  in  which  it 
was  recommended  that  the  liirtlier  consideration  of  the  matter  be 
referred  to  the  first  session  of  the  next  legislature.  The  report 
lay  upon  the  table  till  March  11th,  when  it  was  taken  up,  accepted 
and  ordi  red  to  be  pi4>lished  in  the  newspapers  which  print  the 
laws  of  the  commonwealth."  This  report  is  printed  as  Xo.  51, 
House  Documents,  pp.  756-764,  Documents  of  ^Massachusetts, 
Political  Year  1829,  and  January  Session  1830."  The  report  is 
eminently  liberal  in  spirit,  and  judicial  in  tone,  and  is  written 
clearly  and  concisely.  Although  the  committee  reach  the  conclu- 
sion that  the  existing  law,  that  of  1815,  is  unfair  to  the  medical 
profession  and  inconsistent  with  the  best  interests  of  the  commu- 
nity, they  refrain  from  proposing  any  alteration  of  it,  believing 
that  public  opinion  has  not  become  sufficiently  enlightened  to 
warrant  such  action. 

Governor  Levi  Lincoln,  in  his  address  to  the  legislature,  deliv- 
ered May  29,  1830,  at  the  opening  of  the  summer  sebsiou,  dechires 
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that  tlie  frank  and  manly  roprPFrntation  by  the  inetlical  facnUy  of 
the  cmbarrassiiients  and  diibcultiea  of  acqniritvj-  a  knowlc'ci;^e  of 
anatomy  deserves  the  most  respeetfiil  regard.  "It  may  be,''  he 
fiays,  "that  this  subject  is  of  a  nature  too  delicate  for  direct  legis- 
'lation;  bat  the  public  mind  should  be  instrti -t' d  in  its  interesting 
!m{K)rtance.  Let  it  be  sbowa  that  the  knowledge  which  is  sought 
in  the  science  of  anatomy  concerns  all  the  living,  and  that  without 
it  the  aoctdents  and  ills  of  life  which  art  might  remedy  are  beyond 
relief.  Let  the  reason  of  men  be  addressed,  and  prejudice  be 
diapelled  by  information  and  the  force  of  argament.  It  may  then 
come  to  be  understood  that  a  community  which  demands  the 
exercise  of  skill  and  denies  the  means  to  acquire  it,  which  punishes 
ignorance  and  preclndes  the  possibility  of  removing  it,  is  scarcely 
more  compassionate  than  that  Ep^yptian  harshness  which  imposed 
the  impracticable  task  in  cruel  o[>pres8ion  of  the  inability  to  per- 
form it   It  is  not  m}-  purpose  to  propose  any  definite  act 

for  your  adoptlorj.  I  would  commeud  the  subject  only  to  the 
discreetness  of  your  counsels." 

On  May  31st,  Mr.  John  lirazcr  T):iv:  ,  ni  Do.^ton,  moved  in  the 
house  of  representatives,  and  it  was  (  id*  r.  <1,  ''That  so  much  of  his 
Excellency  the  Governor  s  spc  !i,  a-  ii  i  ites  to  a  modification  of 
the  laws  in  relation  to  the  study  ut  aualA)aiy,  be  reterrc<l  to  a  select 
committee."  I'lie  gentlemen  chosen  to  act  as  such  committee,  were 
Messrs.  J,  B.  Davis,  of  Boston;  G.  Willard,  of  Uxbridge;  A. 
Hutchinson,  of  Peppereli;  L.  W.  Humphreys,  of  Southwick,  and 
J.  B.  Flint,  of  Boston.  The  day  after  their  appointment,  the 
committee  reported  through  Mr.  Davis,  that  the  subject  be  referred 
to  the  next  session  of  the  legislature,  and  the  report  was  accepted. 

On  the  let  of  January,  1831,  the  select  committee  made  its 
report,  and  brought  in  a  bill  *'more  efieotually  to  protect  the 
sepulohres  of  the  dead  and  to  legalize  the  study  of  anatomy  in 
certain  cases."  The  report  was  written  by  the  chairman  of  the 
committee,  Mr.  Davis,  The  report  constitutes  No.  4  of  the  House 
Documents  for  1831,  and  in  the  printed  copy  is  dated  January  6. 
Patjes  3-82  inclusive  are  devoted  to  the  re]>ort  proper;  the  bill  is 
fuiind  on  pages  83-86;  the  list  of  documents  accompanyintr  the 
report  is  found  on  pago  87;  and  the  documents  themselveA  1111 
twi'iilv-ninc  pages  more. 

This  is  aito^etlier  the  moot  exlianstive  docunieiit  on  the  snlij'-ct 
that  we  have  seeaj  ioa&much  as  the  committee  undertaken  to  cou- 
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sideri  in  "all  its  aspects,  the  .subject  committed  to  them,  and  to 
present  not  only  the  results,  but  the  details,  of  their  researches 
and  reasoninj^s  on  it."  Wo  shall  not  undertake  t^o  outline  it  within 
the  lifiiius  of  a  latter-day  paper,  in  face  of  the  fact  that  twenty 
pages  octavo  are  taken  u{)  in  tracinn:  "the  })ro«;ress  of  auatouiical 
science  from  the  first  rude  attempts  of  the  Greeks,  tliron<^h  a  slow 
progress  of  near  two  thousand  years,"  before  it  is  att»'nij)t<»<l  to 
show,  in  nearly  thirty-six  jiages  more,  that  "the  study  and  knowl- 
edge of  anatomy  are  essential  to  the  safe  and  successful  practice 
of  medicine."  We  unhesitatingly  recommend  this  "faithful  com- 
pilation of  the  facts  and  reasonings  of  distinguished  meu,  who  have 
devoted  their  attention  to  this  subject,"  to  the  consideration  of 
those  who  have  to  snatch  time  from  the  practice  of  medicine  to  get 
up  "inaugural  addresses"  for  medical  colleges  in  States  still  fifty 
years  behind  the  times.  They  will  find  Dr.  South  wood  Smith's 
"Uses  of  the  Dead  to  the  Living,"  and  the  "Keport  of  a  Select 
Committee  of  Parliament  on  the  Hibdranoes  to  the  Study  of 
Anatomy,  London,  1828/^  poor  beside^  and  because  of,  the  richee 
of  this  report  of  the  Davis  committee. 

The  le^  status  of  dissection  is  noticed  in  the  report  as  follows: 
^In  1815  a  law  was  passed  for  the  i^rotection  of  the  sepulchres  of 
the  dead,  which  punished  the  exhumation  of  any  dead  body  or  the 
knowingly  and  wilfully  receiving,  concealing,  or  deposing  of  any 
such  drad  body,  by  a  line  of  not  more  than  one  thousand  dolhirs, 
or  imprisoument  for  not  more  than  one  year.  Before  the  passing 
ol  this  Act,  several  cases  at  common  law  were  brought  before  the 
Supreme  Judicial  Court,  ia  all  of  whi<'h,  where  there  was  a  con- 
vicLiun,  the  party  was  punishefl.  Where  it  ;',|i|)<  ind  iliat  the 
exhumation  was  for  subjects  for  dissection,  a  siaall  fine  was  im- 
posed. The  la.-t  case  ol  tliis  kind  was  against  a  now  eaiiiient 
physician,  then  of  Essex  county,  in  which  several  important  law 
points  were  raised ;  \n\i  the  case  does  not  appear  to  have  been 
reported.  Und'  r  tlie  statute  there  have  beeu  several  prosecutions, 
convictions,  and  punishments.  With  truth  it  may  be  said  that  in 
Massachusetts  a  studeut  or  teacher  of  anatomy  oanuot  be  found 
who  is  not  indictable  under  the  statute  of  1816." 

While  the  law  of  this  Commonwealth  is  thus  severe  against 
the  exhumation  of  dead  bodies,  another  law  has  been  passed,  by 
which  every  practitioner  of  medicine  is  required  to  obtain  a  degree 
at  Harvard  University,  or  license  from  the  Medical  Society,  before 
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he  can  maintain  an  action  for  debt  for  his  profepsional  servi(*p«i. 
The  license  or  degree  is  given  on  examination,  and  otie  of  the 
prerequiaitea  for  thia  examioation  is  that  the  applicant  shall  have 
gone  through  such  a  oonrae  of  dissection  as  shall  give  him  a 
minute  knowledge  of  anatomy. 

''The  only  legalized  mode  of  aupplyincr  subjects  for  dissection  ia 
the  sentence  or  order  of  the  Supreme  Judicial  Court  of  this  State 
and  of  the  Circuit  Court  of  the  United  States  in  capital  convio- 
tiona  within  their  respective  jurisdictions.  The  insufficiency  of 
this  supply  may  l)e  inferred  from  the  statements  of  the  secretary  of 
the  Commonwealth  and  of  the  cleric  of  the  United  States  District 
Court.  The  former  states^  in  answer  to  inquiries  addressed  him 
hy  the  chairman  of  this  committee,  that  the  whole  number  of  exe- 
cutions or  suicides  of  convicts  from  January  1,  1800,  to  December 
31,  1830,  is  but  twenty-six — less  than  one  a  year.  The  clerk  of 
the  United  States  DiHtricL  Court,  in  reply  to  like  inqtiiries,  states 
that  from  the  adoption  of  the  federal  constitution  and  the  first 
organization  of  the  lederiil  ti>urti5  down  to  the  present  time  tlie 
whole  number  of  executions  and  of  suicides  of  convicts  sentenced 
hy  that  cuurt  in  this  district  is  but  fuurteen,'^beiDg  about  one  in 
three  years." 

F('l)ruary  26,  the  clerks  of  the  two  houses  caused  the  enacted 
bill  to  be  laid  before  Governor  Lincoln,  by  whom  it  was  approved 
and  signed  February  28,  1831. 

The  wisdom  of  the  Medical  Society  and  the  select  committee  in 
acting  on  Governor  Lincoln's  recommendation  that  ''the  reason  of 
men  be  addressed,  and  prejudice  be  dispelled  by  information  and 
the  force  of  argument,  is  justified  by  the  lack  of  opposition  to  the 
enactment  of  the  Davis  bill.  The  Boston  Adoertiitr  for  February 
11, 1831,  notes  the  fiust  that  on  the  day  previous  the  Davis  bill  had 
passed  to  a  third  reading  in  the  house  by  a  vote  almost  unanimous. 
It  adds:  "No  discussion  took  place  touching  the  general  provisions 
or  tendency  of  the  bill.  Several  amendments  were  offered  relating 
to  the  details  only.  No  one  expressed  any  sentinienttt  or  opinions 
in  opposition  to  the  general  features  of  tlie  bill;  but  it  received  the 
approbation  of  all  as  a  necessary  step  in  tlie  jjrogress  of  improve- 
ment." This  shows  a  marked  change  in  public  opinion  since  1829, 
"  when,"  to  use  the  words  of  Dr.  G.  Hayward,  "  the  proposition 
to  mitigate  the  severity  of  the  law  ai»ain«t  thofip  engaged  in  disseo* 
tioi),  was  driveu  almost  by  acciamatiou  from  the  legislature." 
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SubHcqiicnt  legislat  ion  has  considerably  modified  the  act  of  Feb- 
ruary 28,  1831,  as  may  be  seen  on  eonsultin<;  the  Acts  ui  Apiil  1, 
1534,  March  20,  1845,  May  10,  1855,  and  March  28,  1857.  By 
the  Act  of  1845,  chapter  242,  former  Acts  are  simplified,  amended 
and  improved.  Section  1  provides  that  the  overseers  of  the  poor 
of  any  town,  and  the  mayor  and  aldermen  of  any  city,  in  the  com- 
monwealth. "  shall,  upon  request,  ^ive  permission  to  any  rejrular 
physician,  <luly  qualified  accordine:  to  hiw,  to  take  tlie  dead  bodies 
of  such  persons  as  are  required  to  be  buried  at  the  public  expense 
within  their  respective  towns  or  cities ; "  and  also  makes  it  "the 
duty  of  ail  persons  having  charge  of  any  poorhouse,  work-house, 
or  house  of  industry,  in  which  any  person  leqaired  to  be  buried  at 
the  public  expense  shall  die,  immediately  to  give  notice  thereof  to 
the  overseers  of  the  poor  of  the  town,  or  the  mayor  and  aldermen 

of  the  city,  and  the  dead  body  of  such  person  sliall  not, 

except  in  cases  of  necessity,  be  buried,  nor  shall  the  same  be  dis- 
sected or  mutilated  nntil  such  notice  shall  have  been  given  and  the 
permission  therefor  granted/'  According  to  section  2,  ^'  no  suoh 
body  shall  in  any  ease  be  surrendered  if  the  deceased  person,  dol- 
ing his  Isst  sickness,  of  his  own  accord,  requested  to  be  buried.^' 
Excepting  the  repeal  of  sections  10  and  11  of  the  Bevised  Statutes 
of  1886,  the  Act  of  1845  contains  .no  other  noteworthy  new  pro- 
vision. 

Chapter  323,  Laws  of  Massachusetts,  1865,  section  1,  confers 
the  powers  and  duties  of  overseers  of  the  poor,  as  defined  in  chap- 
ter 242,  Laws  of  1845,  upon  "  overseers  and  superintendents  of 

State  almshouses.''    Section  2  contains  provisions  new  to  the 

statute  book.  It  reads:  "  Whoever  buys,  sells,  or  has  in  his  pos- 
sepfion  for  the  j)urpose  of  buying,  or  selling,  or  trallieking  in,  ihe 
dead  IhhIv  ot  any  hntiiau  beins^fhall  be  punished  by  fine  of  not  leas 
than  fifty,  nor  exceeding  five  iiuuilictl  (! hilars,  or  by  imprisonment 
in  the  jail  not  less  than  three  mouths,  nur  exceedintz;  three  venrs." 
']'he  <hitv  of  QrivinsT  immediate  notice  to  the  piuj»er  authoiiiie.s  of 
the  death  ot  friendless  persons  in  the  institutions  under  their  con- 
trol, devolved  by  the  Act  of  1845  u{)on  the  directors  of  hon<os  of 
industry,  etc.,  etc.,  is  also,  by  the  Art  of  March  28,  iSu7,  laid 
upon  the  board  of  director-,  of  [)ublie  institutions  of  Rof^ton. 

So  far  as  the  writer  has  been  able  to  icaru,  the  Massachusetts 
legislature  has  enacted  nothing  of  interest  ooucemiog  anatomical 
science  since  1857. 
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"We  Imvc  already  noticetl  the  provisions  of  the  Act  of  1784, 
concerning  the  disHection  of  dead  duelliBts*    The  Aot  of  1784  was 

rnpcaled  March  15,  1805,  when  the  following  was  enacted :  

« Justioes  of  said  court,  before  whom  the  conviction  shall  be,  shall 
in  cases  of  murder  committed  in  a  duel,  and  in  otiicr  cases,  may, 
at  their  discretion,  further  sentence  and  order  the  body  of  suoh 
Gonyiet  to  be  disseeted  and  anatomized." 

In  chapter  125,  section  2,)Mige  716,  Revised  Statutes  1836,  we 
find  no  mention  of  "murder  committed  in  a  duel;''  but  we  do  find 
that  ^'in  every  case  of  a  conviction  of  the  crime  of  murder,  the 
court  may,  in  their  discretion,  order  the  convict  to  be  dissected, 
and  the  sheriff  shall  deliver  the  dead  body  of  such  convict  to  a 
professor  of  anatomy  and  surgery  in  some  college  or  public  semi- 
nary, if  requested;  otherwise  it  shall  be  delivered  to  any  surgeon 
who  may  be  attending  to  receive  it,  and  who  will  engage  for  the 
dissection  thereof."  The  last  revision  of  the  ^lassachusetts 
statutes  contains  the  above  |>roviHion  for  tiie  dissection  of  a  dead 
murderer's  body,  practically  unchanged,  excepting  this  saving 
clause:  "uule^ss  iiis  itiends  desire  it  for  interuient." 

The  MaBsacliu. setts  Anatomy  Act  of  1881,  was  productive  of 
results  in  two  directions;  it  lightened  the  burdens  of  the  teachers 
of  anatomy  in  that  State,  and  it  led  to  the  enactment  of  similar 
laws  in  other  States.  Connecticut  passeil  a  liberal  Act,  modelled 
on  that  of  Massachusetts,  June  5,  1833,  but  repealed  the  same 
June  5,  1834.  New  Hampshire  legalized  anatomy  in  1834,  but 
rsBcinded  its  action  in  1842.  Michigan  passed  ''an  Aot  to  facili- 
tate the  study  of  anatomy,''  March  9,  1844,  but  repealed  it  April 
7,  1851.  New  York  is  entitled  to  the  place  of  honor  next  to 
Massachusetts,  on  the  list  of  States  which  have  consistently 
endeavored  to  promote  anatomical  science.  The  New  York  law 
of  April  1,  1854,  has  never  been  repealed;  on  the  contrary,  it  has 
been  improved,  notably  by  the  amendatory  Act  of  June  3,  1879. 

Referring  to  the  Massachusetts  Uw  of  1831,  as  amended  in 
1845,  Dr.  John  C.  Warren,  says:  "The  Superintendent  of  the 
House  of  Industry  opposed  great  difficulties  to  the  execution  of 
thi.s  ]aw:  but  he  dying  in  1847,  an  ample  .supply  was  obtiu'ned  for 
the  nuilu.d  school  after \vai"( Is,  particularly  in  coMse(|uence  of  the 
inliux  of  Irish  paupers,  and  the  great  mortality  among  them." 
Concerning  the  workini;  of  the  «ame  law;  Dr.  George  Hay  ward, 
writing  in  1855:  "  The  supply  has  not  been,  perhaps,  as  great  as 
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could  bo  wishcil  ;  i>iit,  with  the  increus*'  of  ^wpiilation  and  pauper- 
i^;m,  this  objection  will  }>a8s  away."  We  duiil)t,  ii'iu  the  jiulgraent 
of  the  aiKitoinists  of  the  Harvard  Medical  School,  "this  objwtion" 
has  "passed  away."  We  incline  to  the  belief  that  "with  the  in- 
crease of  population  and  pauperism/'  there  has  been,  at  least,  an 
equal  increase  of  demagogues^  and  that  no  class  of  men  in  Massa> 
chusetts  have  a  more  realizing  sense  than  have  its  anatomists  of  the 
relation  existing  between  eternal  vigilance  and  the  price  of  liberty. 

The  city  government  of  Boston,  November  3,  1869,  ordered 
"that  permits  be  issued  by  the  city  oierk,  until  otherwise  ordered, 
to  the  sui^geoDS  of  the  Harvard  Medical  School  to  take  the  dead 
bodies  of  such  persons  dying  at  Deer  Island,  or  the  House  of 
Correction,  the  County  Jail,  or  City  Hospital,  as  may  be  required 
to  be  buried  at  the  public  expense.''  The  statutory  restrictions 
concerning  the  delivery  of  unclaimed  bodies  are  embodied  in  the 
remainder  of  the  ordinance.  The  anatomists  of  Baltimore,  Wash> 
ington,  and  New  Orleans,  might  fairly  consider  this  Boston  ordi- 
nance a  liberal  one,  for  they  are  still  obliged  to  dissect  without 
leerid  warrant,  or  not  at  all.  On  tiie  other  hand,  in  Germany  or 
France,  where  Ibr  years  the  dissectinsT  rooms  have  been  furnished 
with  tlie  nnclainiecl  dciid  by  the  police,  this  ordinance  would,  un- 
questionably, be  considered  iinperlecl  and  illiberal. 

It  is  unt(»rtunate  that  Ameri^^n  anatonii«ls  are  forced  to  danre 
atteudance  upon  public  functionaries  lor  **  |3erraits;  '  as  they  are 
thereby  put  in  the  false  position  of  seeking  as  a  personal  favor 
wlint  ought  to  be  furnished  them  for  the  furtherance  of  the  public 
weliiure.  l\>ssibly,  the  time  is  not  yet  ripe  for  the  Massachusetts 
anatomists  to  demand  that  the  unclaimed  dead  of  Springfield,  Fall 
Kiver,  Worcester,  Lowell,  in  short,  the  entire  State,  as  well  as  of 
Boston,  should  be  delivered  to  them  at  their  dissecting  rooms;  but 
such  a  consummation  is  none  the  less  devoutly  to  be  wished. 
Massachusetts  led  off  in  legalizing  the  dissection  of  bodies  required 
to  be  buried  at  the  public  expense.  Would  that  she  might  in- 
augurate an  administrative  reform  which  should  prevent  the 
present  wasteful  decomposition  of  valuable  material  at  the  bot- 
tom of  graves,  and  preclude  the  necessity  which  requires  one  who 
is  bent  on  thoroughly  learning  practical  anatomy  in  all  its 
branches,  to  seek  the  anatomical  institutes  of  Europe. 

The  le.ral  status  of  anatomy  in  America,  at  the  beginning  of 
the  ccuiury,  ia  well  iiiusiraicd  by  the  Couuecticut  Acts  of  ISIO. 
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At  the  May  session  of  that  vear,  it  was  made  punishable  by  n  fine 
of  at  least  one  huadml  dollars  and  imprisonnieut  iu  the  county 
jail  for  at  least  three  niont!i8,  for  any  one  sctMvtly  to  disinter  the 
body  of  any  deceased  person  for  the  j)nrpose  of  dissection,  or  in 
any  way  to  aid  in  so  doing,  or  knowingly  "to  assist  in  any  surgical 
or  anatomical  experiments  therewith  or  dissections  thereof/'  At 
the  October  session  it  was  enacted  that  there  should  be  a  "medical 
Institution  of  Yale  College/'  one  of  whoee  four  professors  should 
teach  anatomy,  surgery,  and  midwiferyj  and  that,  as  speedily  as 
the  college  faods  would  allow,  a  collection  of  anatomical  prepara- 
tions should  be  provided* 

The  Massachnsetts  Act  of  1784  only  aathorized  dissection  of 
dead  duellists  as  a  mark  of  in&my ;  therefore,  the  New  York  Act 
of  1789  must  be  considered  as  the  first  American  anatoraj  law. 
This  Act  was  passed  the  year  after  the  famous  "Doctors'  Mob"  in 
New  York  city,  and  is  entitled,  "An  Act  to  prevent  the  Odious 
Practioe  of  Dig<2:in<j:  up  and  removing,  for  the  purpose  of  Dissec- 
tion, Dead  Bodies  interred  iu  Cemeteries  or  Burial  Places."  It 
comprises  two  sections.  Section  I.  provides  that  any  person 
convicted  of  removing  any  dead  body  from  it8  place  of  sepulture, 
for  the  purpose  of  dissection  or  with  intent  to  dissect,  or  of  dis- 
secting or  assisting  to  dissect,  such  body,  "shall  be  adju  Igcd  to 
Btond  in  the  pillory  or  to  suffer  other  corporal  puni.shnu'iit,  not 
extending  to  life  or  limb,  and  shall  also  pay  such  fine  and  sutfer 
such  imprisonment  as  the  court  shall  in  their  discretion  tiiink 
proper  to  direct."  In  Section  II.  it  is  further  enacted,  In  order 
that  science  may  not  in  this  respect  be  injured  by  preventing  the 
dissection  of  proper  subjects,  that  when  any  offender  shall  be 
convicted  of  murder,  arson,  or  burglary,  for  which  he  shall  be 
sentenced  to  suffer  death,  the  iXHirt  may,  at  their  discretion,  add 
to  the  judgment  that  the  body  of  such  o^nder  shall  be  delivered 
to  a  surgeon  for  dissection."  Massachnsetts  made  the  first  con- 
siderable improvement  on  this  New  York  Act  when  in  1831,  it 
psssed  a  statute  authorizing,  under  certain  restrictions,  the  deliv- 
ety  to  the  anatomists  of  the  unclaimed  bodies  "of  deceased  persons 
required  to  be  buried  at  the  public  expense^" 

Enactments  similar  to  the  New  York  Act  of  1789,  Section  I., 
have  since  been  passed   by   the  following  States:  Alal)aiiia, 
Arkansas,  California,  Connecticut,   Geors^ia,   Illinois,  Indiana, 
Iowa,   Kausa^i,    Kentucky,    Maine,   Massachusetts,  Michigan, 
12 
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Miiiiuiiotu,  Mississippi,  Missouri,  Nebraska,  New  Hampshire, 
Oiiiu,  Oregon,  Pennsylvaaia,  iihode  Ishiiul,  Teuuc^see,  Tcxaj-, 
Vermont,  Virginia,  West  Virp^iiiia,  and  Wisconsin.  Of  tlio 
above-mentiuiuMl  States,  KtiUiicky,  Oregon,  Rhode  I««laijd,  Texas 
and  West  Virginia  have  no  aualomv  AcLij ;  wiule  Kliodo  Island, 
Texas,  and  West  Virginia  have  no  i)ie<li<^l  sehools,  1  lie  laws  of 
nine  States,  namely,  Colorado,  Delaware,  Florida,  Louisiana,  Mary- 
laud,  Nevada,  New  Jersey,  North  Carolina,  and  South  Carolina, 
are^  so  fiur  as  the  writer  l^as  been  able  to  learn,  silent  regurdiog 
grave-robbery.  While  the  Territories  of  Dakota,  Utah,  Washing- 
ton, aiul  Wyoming  have  laws  for  the  protection  of  flepuicbres,  the 
Diatriot  of  Colombia  has  no  such  law,  although  one  was  inserted 
iDto  the  proposed  code  of  1S57,  which  failed  of  adoption. 

The  second  section  of  the  New  York  Aot  of  1789  has  developed 
into  the  Acts  of  twenty*foiir  States.  The  following  named  States 
have  legalized  dissection:  Alabama,  Arkansas,  Oblifornia,  Colo- 
rado, Connecticut,  Georgia,  Illinois,  Indiana,  Iowa,  Kansss, 
Maine,  MaaBachusetts,  Michigan,  Minnesota,  Missouri,  Nebraska, 
New  Hampshire,  New  Jersey,  New  York,  Ohio,  Pennsylvania, 
Tennessee,  Vermont,  and  Wisconsin. 

The  dissection  of  executed  criminals,  as  such,  is  still  lawful 
within  the  special  jurisdiction  of  the  United  States  Government 
and  in  the  follow iui;  States  :  Alabama,  Ai  k.iiis:i.s,  Colorado,  Con- 
necticut, Georgia,  Illinois,  Indiana,  Kansas,  Massachusetts,  Mis- 
souri, Nebraska,  uikI  New  Jersey.  Nebraska,  liktj  tlje  United 
States  and  New  Jersey,  makes  no  piovision  other  than  this  lor  its 
analoniist«?.  l^nliko  tiicni,  however,  it  lias  a  penal  statute  regrard- 
ing  grave  robbery.  Alabama,  Gcorijia,  Missouri,  and  Tennessee 
allow  the  dissection  not  only  of  exccuttil  crinnnals,  but  also  of 
**  other  persons  with  the  oooseat  of  their  friends." 

Kentucky,  Mississippi,  Oregon,  Rhode  Island,  Texas,  Virginia 
and  West  Virginia  are  without  laws  of  any  kind  r^arding  dtsseo- 
tion,  though  they  all  forbid  violation  of  sepulture.  The  most 
backward  of  the  United  States  are  those  which  have  no  statute 
touching  either  diasection  or  grave  robbery.  In  this  class  we  find 
Delaware,  Florida,  Louisiana,  Maryland,  Nevada,  North  Oarolina, 
South  Carolina  and  the  District  of  Columbia.  The  Territoriea  of 
Arizona,  Idaho,  Montana,  and  New  Mexico  are  similarly  iodiffer- 
ent  to  the  science  of  anatomy  and  the  sanctity  of  burial-places. 
Certain  of  these  States,  like  Maryland,  Louisiana  and  South  Caro- 
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I'ma,  contain  raeilical  scliools.  In  order  to  |niiiisli  l»»<ly-suatcliing 
Man'lanfl  is  to-dav  ohlii^ed  to  fall  hark  on  the  conmion  law  of 
Englaiiil,  altlioufjjh  the  eoninioii  law  j>enaity  was  8U|)<  ivcdrd  nearly 
fifty  years  since,  by  the  paJS5age  of  the  Warburton  anatomy  act. 
All  things  ooDsiderefl;  the  attitude  of  the  Itidian  eities  of  the  four- 
teenth oentarj  and  thatrof  the  empire  of  Japan  of  to-day  mast  be 
characterized  a«  more  liberal  and  enlightened  regarding  the  alphik 
l)et  of  medicine  than  that  of  the  United  Slates  and  of  very  many 
of  the  individual  States. 

The  Acts  of  the  following  States  may  be  termed  fairly  liberal: 
Arkansas^  Galifomia,  Coonectieat^  Illinois,  Indiana,  Iowa,  Kansas, 
Massachnsetts,  Michigan,  Minnesota,  New  Hampshire,  New  York, 
Ohio,  Pennsylvania,  and  Wisconsin. 

The  Acts  of  Alabama,  Colorado,  Georgia,  Maine,  Mfssoari, 
Nebraska,  New  Jersey,  Tennessee,  and  Vermont  are  illiberal. 

In  1869  Maine  enacted  "that  when  any  person  convicted  of 
orime  dies  or  is  execated  in  the  State  prison  or  any  jail,  the  warden 
or  keepers  shall,  on  request,  deliver  his  body  to  instructors  in 
medical  schools  established  by  law/'  In  February,  1876,  capital 
punishment  was  abolished  ;  so  that  at  present  in  Maine  it  is  legal 
to  dissect  only  the  body  of  a  person  who  "  requests  during  his  life 
that  his  body  may  he  delivere^l  to  a  regular  physician  or  surgeon 
for  the  advancement  i>i  anatomical  .science,  after  ids  tleatli,  unless 
fconir  kindred  or  friend  within  three  days"  asks  to  have  it  buried; 
or  the  Ixxly  of  a  eonvict  who  ha??  not  at  any  time  reques-icil  to  be 
l)uri<  d,  attd  \vho>e  Irlends  and  kindred  fail  lor  three  days  after  his 
death  lu       for  hir^  l)iirial. 

The  statute  of  Tenn«'ss('e,  unless  it  has  heen  n-jx-alcd  sine.-  1871, 
is  (jiiiie  as  liberal  as  that  of  Maine.  It  providt^  that  no  jx  iialty 
shall  **apj)ly  to  regular  physicians  to  whom  the  bodies  of  criminals 
are  delivered  pursuant  to  law,  or  to  dissection  of  slaves  by  consent 
of  their  masters,  or  of  other  prrpons  by  consent  of  their  relatives," 

The  New  York  Act  of  June  3,  1879,  may  be  instanced  as  a  type 
of  the  liberal  ela>>  of  American  Acts.  It  reads:  "It  shall  be 
lawtoi  in  cities  whose  poptilation  exc  *  •  Is  30,000  inhabitants,  and 
in  counties  containing  said  cities,  t(»  deliver  to  the  professors  and 
teachers  in  medical  colleges  and  schools  in  this  State,  and  ibr  said 
professors  and  teachers  to  receive,  the  remains  or  body  of  any 
deceased  person  for  the  purposes  of  medical  and  surgical  study :  *■ 
provided  that  said  remains  shall  not  have  been  regularly  interred, 
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and  shall  oot  have  been  desired  for  iaterment  by  ao/  relative  or 
friend  of  said  deoeaaed  person  witbin  twenty-lbor  hours  after  death ; 
provided,  also,  that  the  remains  of  do  person  who  may  be  known 
to  have  relatives  or  friends  shall  be  so  delivered  or  received  with- 
out tlie  consent  of  said  relative.s  or  liiciuls;  and  provided  that 
the  remains  of  no  one  detained  for  debt,  or  as  a  witness,  or  on 
suspicion  of  crime,  or  of  any  traveller,  nor  of  any  person  who  shall 
liave  ex])res.sed  a  desire  in  his  or  her  last  sickness  that  his  or  her 
body  may  be  interred,  shall  be  delivered  or  received  as  aioresaid, 
but  shall  be  buried  in  tiie  usual  manner;  and  provided,  also,  that 
in  case  the  remains  of  any  |>prM>ii  so  delivered  or  received  shall  be 
subsequent!}  >  laimed  by  any  surviving:  relative  or  friend  thty  shall 
be  given  up  to  said  relative  or  friend  for  interment.  And  it  shall 
be  the  duty  of  the  said  professors  and  teachers  decently  to  bury  in 
some  public  cemetery  the  remains  of  all  bodies  after  they  shall 
have  answered  the  purposes  of  study  aforesaid ;  and  for  any  neglect 
or  violation,  of  this  provision  of  this  Act  the  party  so  neglecting 
shall  forfeit  and  pay  a  penalty  of  not  less  than  $25  nor  more  than 
$50|  to  be  sued  for  by  the  health  officers  of  said  cities^  or  of  other 
places,  for  the  benefit  of  their  department.''  An  earlier  law  of 
New  York  forbids  all  traffic  in  sobjects,  or  any  use  of  tbem^  except 
for  anatomical  purposes,  under  penalty  of  imprisonment  in  jail  for 
not  more  than  a  year. 

To  summarize  the  l^islation  from  1789  to  1881,  we  may  say 
that  twenty-four  States  allow  dissection;  fifteen  States  have  liberal 
anatomy  Acts,  while  nine  have  illiberal  ones ;  the  laws  of  fourteen 
States  are  silent  regarding  anatomy,  excepting  their  laws  on  mal- 
practice ;  twenty-eight  States  forbid  the  desecration  of  graves,  while 
the  laws  of  ten  States  are  silent  regarding  it ;  the  laws  of  the  six 
States  are  silent  touching  both  dissection  and  disinterment;  Dakota 
alone  of  the  eiijht  Territories  allows  dissection ;  four  Territories 
forbid  exhuiuaLiuii,  and  four  liave  no  enactment  regarding  it; 
twelve  States  and  one  Territory  require  the  burial  of  cadat>era 
disaecta. 

The  District  of  Columbia  occupies  a  unique  position  amona-  the 
capitals  of  civilized  States  in  that  the  stmiies  of  its  anatomist:?  uiul 
the  graves  of  its  dead  are  alike  unprotected  by  statutory  enact- 
ments. Tlie  United  States  governfnent  sends  W'ashinp^ton  re«ur- 
rectioni*?t8  to  jail  when  it  can  ;  luit  it  has  recently  utilized  in  the 
examiuatious  before  the  Nd\y  lioard^  in  the  city  of  Washington, 
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as  many  as  twelve  subjects,  which'  could  be  procured  hy  stealth 
only. 

The  most  elaborate,  the  most  liberal,  and  also  the  most  stringent 
of  tile  American  anntomy  Acts  have  been  passed  within  the  last 
five  years.  Tho^e  ul"  Indiana,  Ohio,  and  New  York,  were  jiansed 
in  Ibid;  and  the  amended  Act  of  Iowa,  March  20,  1880.  So  far 
as  I  can  learn  the  amended  Michigan  Act,  approved  March  2, 
1881,  is  the  latest  American  Anatomy  Act. 

The  Michigan  Act  of  1844,  which,  as  we  have  notioed^  was 
repealed  in  1851,  required  the  officers  of  the  State  prison  tasur- 
Tender  the  bodies  of  all  unfriended  convicts  dying  in  their  prison 
to  any  ftgent  of  the  medical  society  of  the  State  who  should  present 
an  order  for  the  same  signed  by  the  president  of  the  society,  Simi- 
hirly,  the  nnclaimed  bodies  of  convicts  dying  in  a  county  jail^ 
under  sentence  of  six  months  imprisonment  or  more,  were  deliv- 
erable to  the  agents  of  the  medical  society  of  the  county  in  whicb 
the  jail  was  situated.  In  1867  a  new  Act  was  passed,  which  haa 
since  been  thrice  amended, — once  in  1871,  again  in  1875,  April 
27th,  and  again  by  tlie  Act  of  March  2,  1881.  TJie  lajjt  men- 
tioned Act  Cfmtains  provisions  which  render  it  tlie  most  advanced 
and  liberal  oi  aii  American  Anatomy  Acts;  I  tlierefore  give  it  in 
full. 

"Sec.  1.  T/ie  J'roplr  of  tlie  Stutc  of  Midugan  enact.  That  sections 
1  and  2  of  act  number  138  of  the  session  laws  of  1875,  apjiroved 
April  27,  1875,  beinf;^  sections  21 10  and  2111  ofehaiiter  66  of  the 
compiled  laws  of  1871|  as  amended,  be  amended  so  as  to  read  aa 

iltllows : 

"(2110).  Sec.  1.  Any  member  of  either  of  the  following  boards, 
and  any  of  the  following  named  officers  or  persons,  to  wit:  The 
board  of  health  of  any  city,  village,  or  township,  the  common 
connoil  of  any  city,  the  board  of  trustees  of  any  village,  the  mayor 
of  any  oity,  president  of  any  village,  any  board,  or  officer  having 
the  direction,  management,  charge,  or  control,  in  whole  \>r  in  part, 
of  any  prison,  house  of  correction,  work-house,  jail,  or  lock-up, 
county  auperintendents  of  the  poor,  keepers  of  poor-booses  and 
almshouses,  any  physician,  or  other  person  in  charge  of  any  poor- 
bouse  or  almshouse,  sheriff,  coroners,  the  board  of  State  commis- 
sioners, the  board  of  trustees,  board  of  control,  and  all  otHcers, 
physicians,  and  persons  in  charge,  in  whole  or  in  part,  of  any 
institution  for  the  deaf  and  dumb,  blind,  and  insane,  or  other 
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-diariteble  institation  foaiicl«d  or  supported,  in  whole  or  in  part) 
at  publk;  expense,  having  in  his  or  their  posseaston  or  control  the 
dead  body  <^  any  person  not  claiined  hy  any  relative,  or  legal 
representative,  as  hereinafter  provided,  and  which  may  be  required 
to  be  buried  at  public  expenw,  or  tlie  expense  ol"  any  one  ol*  such 
public  or  rh;irital)le  institutions,  shall  deliver  such  dead  body  or 
bodies,  wiLiiia  thirty-six  hours  after  death,  or  after  he  or  they 
shall  Ixwme  po<?wsse<l  thereof,  to  the  express  or  railway  company 
-at  the  uearest  railway  station,  placed  in  a  plain  coifin  and  enclosed 
in  a  strona:  box,  securely  fastened,  and  plainly  directed  to  the 
**  Deraoni<trdtor  of  anatomy,  of  the  University  of  Michigan,  Ann 
Arlx)r,  Mich.,"  excepting  only  the  deaci  bodies  of  such  persons  as 
ahali  have  died  from  some  infectious  disease.  And  sucli  boards, 
common  councils,  officers,  or  other  persons  making  sach  shipment 
«ball  take  the  usual  shipping  receipt  for  such  package,  and  shall 
notify  the  eoosignec  of  such  shipment  by  letter,  mailed  on  the  daj 
the  package  is  so  delivered  as  aforesaid ;  and  shall  also  inelose  in 
anch  letter  a  statement  giving,  as  nearly  as  can  be  asoertained,  the 
name,  age,  residence,  and  cause  of  death  of  sach  deceased  person ; 
4ind  the  name  and  postoffioe  addrees  of  the  known  relatives  of  sach 
decessed  person,  whose  body  has  been  shipped  as  aforesaid ;  and 
:also  a  statement  of  the  costs  and  expenses  which  have  been  incuried 
in  the  procuring  of  the  coffin,  box,  preparation  of  body  for  ship- 
ment,  and  shipping  the  same.  And,  upon  the  receipt  of  such  con- 
signment, the  said  demonstrator  of  anatomy  of  the  University  of 
Michigan  shrill  immediately  loruaul  to  sucii  officers,  boanl,  coun- 
cil, or  institution,  or  persons  making;  sucli  shipment,  or  incurring 
such  expenses,  the  amount  tliereol",  not  exceedin«x  in  any  case  the 
sum  oi'  tiTteen  dollars:  Provided,  JSucli  dead  Ijody  shall  not  l)e  so 
shippe*l  or  delivered  a«  nfori'said,  il  it  siiall  l>e  reqtiested  in  i^ood 
faith  for  interment  by  any  relative  l*efore  the  same  shall  be  shipped 
as  afbrei^id,  and  in  case  the  dead  body  of  any  person,  so  delivered 
or  shipped  as  aforesaid,  be  subsequently  claimed  or  demanded  of 
said  demonstrator  of  anatomy,  or  of  any  other  person  or  institu- 
tion, into  whose  possession  or  under  whose  control  it  may  have 
been  placed,  by  virtue  of  the  provisions  of  this  law,  by  any  rela- 
tive or 'legal  representative  of  such  deceased  person,  for  private 
interment,  it  shall  he  given  up  to  such  claimant  even  after  the 
same  shall  have  been  interred,  as  hereinafter  provided.  Such 
bodies  shall  be  used  only  for  the  purposes  hereinafter  mentioned^ 
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and  shall  tben,  in  all  cases,  he  interrerl  ij)  '^onie  siii table  place,  kept 
•  for  that  purj>ose,  ami  a  correct  record  slmll  be  kept  of  every  siich 
body,  and  all  matters  by  which  such  body  may  be  identitied  com- 
ing to  the  knowknlirc  of  the  person  or  officer  at  any  time  in  charge 
of  sacb  bodies,  shall  be  iiiithfully  recorded  at  length  in  a  book  to 
be  kept  for  such  parpoees,  to  the  end  that  the  same  may  be  at  any 
time  traced  and  recovered  by  the  friends  and  relatives  of  such 
deceased  person  :  And  provided  fwriktr^  That  the  institution^ 
board,  council,  officer,  or  person  aforesaid  in  chai^  of  anj  such 
body  as  afi»Te8aid  shall^  immediately  after  the  death  of  snch  per- 
BODi  Qotiiy,  if  possible,  by  tel^pnph,  or  oiberwise  by  letter,  one  or 
mmreof  the  nearest  known  relatives  of  such  deceased  person  of  the- 
death  of  such  person ;  and  in  no  case  shall  the  body  of  any  such 
deceased  person  be  delivered  or  shipped  as  aforesaid  until  after  the 
expiration  of  twenty-four  hours  from  death ;  and  every  individual 
officer  or  party  violating  any  of  the  provisions  of  this  section  shall 
be  deemed  guilty  of  a  misdemeanor. 

*'(211]).  Sbo.  %  The  bodies  so  delivered,  or  shipped  as  aforesaid, 
flhall  be  used  for  the  advancement  of  anatomical  science  in  this 
State  and  in  the  Ibllowiug  iri>tituti()?)s  of  learning  only,  viz:  The 
Luiversity  of  Michigan,  Detroit  Medical  Colle<re,  ami  Michiijan 
College  of  Medicine.  And  said  bodies  shall  In'  distributed  to  and 
among  the  Bame  equitably,  the  nnniber  assign.  .  1  to  each  by  said 
demonstrator  of  anatomy,  «ihull  be  }ir<»j«trtioiial  to  that  of  its  stu- 
dents in  actual  attendance.  And  each  of  said  institutions  shall 
pay  qnarterlt  to  said  deiuoustrator  its  ratable  proportion  of  the 
expeuses  borne  and  iiienrrcd  tmdir  this  act:  Pronidedy  hourvei-y 
That  said  demonstrator  of  anatomy,  upon  the  receipt  of  overv 
body,  under  and  by  virtue  of  the  provisions  of  this  act,  shall 
cause  the  same  to  be  embalmed  or  put  in  a  state  of  preservation,, 
and  shall  not  permit  the  same  to  be  delivered  to  either  of  said 
institutions  for  the  purpose  of  dissection,  until  the  same  shall  have 
been  in  his  poaseasion  at  least  ten  days.  And  it  shall  be  the  duty 
of  said  demonstrator  of  anatomy,  upon  the  receipt  of  every  body, 
to  immediately  notify  the  relatives  of  such  deceased  person,  if 
known,  of  the  receipt  of  such  body,  either  by  mail  or  telegraph,, 
as  he  may  deem  best»  And  that  said  body  will  be  preserved 
btact,  for  the  space  of  ten  days,  In  which  time  such  relative  will 
be  entitled  to  said  body  for  the  purpose  of  private  interment,  upon 
payment  of  the  expenses  already  incurred.   And  if  the  relatives 
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or  legal  representative  of  such  deceased  person  shall  request  said 
body  for  the  purpose  of  iuterinent,  and  shall  pay  said  expenses,  said 
demonstrator  .■ihall  deliver  to  such  n  luiive  or  legal  representative 
the  said  body,  togetlicr  with  the  s{iid  i-otfin  and  box  enclc«ing  the 
sjiino.  J^iit  ill  case  said  body  sliall  not  be  re<jii('sted  by  such  rela- 
tives until  alter  the  same  phall  liave  been  applie«l  to  the  purposes 
intended,  the  remains  tiiereof,  tnirother  with  the  eoffin  and  l)nx 
4ifbresai<l,  shall  be  deli vered  without  charge :  ProvUlcdj  That  tht? 
University  of  Micliigan,  Detroit  Medical  Collen;o  and  Michigan 
College  of  Medicine  aforesaid,  and  each  and  every  other  medical 
institution  shall  not  receive  iuto  their  possession  any  bodies  pro- 
cured in  this  State  other  than  those  provided  for  by  the  proviBiooB 
of  this  act,  and  every  individual  or  partj  violating  this  provision 
ahall  be  deemed  guilty  of  a  misdemeanor." 

Indiana  had  not  legalized  dissection  when,  in  the  spring  of 
J  878,  the  body  of  tiie  Hon.  J.  Scott  Harrison,  a  son  of  the  late 
William  Henry  Harrison^  President  of  the  United  States,  having 
been  stolen  from  its  grave  near  to  the  Ohio  line>  was  found  by  the 
son  of  tbe  deceased,  the  day  after  his  burial,  in  a  Gineinoati  dis- 
secting-room, whither  he  had  gone  in  search  of  another  body. 
The  only  penalty  for  grave*robbery  under  the  Indiana  statutes  was 
a  fine  not  exceeding  one  thousand  dollars,  provided  by  the  Act  of 
June  14, 1852.  This  case  of  resurrecting  led  to  the  improvement 
in  1879  of  the  laws  of  both  Indiana  and  Ohio.  Possibly  the 
atringent  amendment  to  the  Iowa  law,  passed  March  26,  1880, 
might  be  traced  to  the  outrage  of  the  Harrison  tomb. 

Chapter  LXV.  of  the  laws  of  the  fifty-lirst  session  of  the  Gen- 
eral Assembly  of  Indiana  is  "an  Act  in  relation  to  the  use  of 
human  boilies  tor  the  purpo>e  ot' dissection  ;  to  require  a  record 
thereof  to  be  kept,  uiid  to  punish  the  unlawful  {lossessiou  or  dt8-> 
section  of  such  bodies  and  tlie  violation  of  graves." 

Section  1  re<[uires  that  all  institntiotis  or  persons  eng:J2^(^d  in 
dissection  shail  keej>  a  record  book  containing  full  particulars 
regarding  every  corpse  received  tor  dinsection. 

Section  2  makes  it  punishable  by  a  line  ol"  '*  not  less  than  one 
Jiundred  nor  more  than  live  hundred  dollars,  to  which  may  be 
added  imprisonment  in  the  county  jail  for  any  {)eriod  not  lees 
than  one  month  nor  more  than  one  year,"  if  the  })er80n  having 
the  custody  of  the  record  required  by  section  1  fail  or  refuse  to 
produce  it.   Stetion  3  declares  it  a  felony,  punishable  by  impria- 
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onment  for  not  lesa  than  one  nor  more  than  five  yeaia,  for  any 
penoD  to  "  receive,  or  have  in  poaseasion,  or  diflsect,  or  permit  to 
be  dissected, ....  anj  anch  body  of  which  the  record  required  by 
section  1  sbail  not  have  been  made/'  Making  a  false  entry  in 
the  record  is  made  a  felony  by  section  4^  punishable  by  not  less 
than  oae  not  more  than  three  years'  imprisonment  in  the  State 
prison. 

Iraprisontnent  in  the  State  prison  for  not  less  than  two  nor 
more  tiiuii  five  years  is  tlie  penalty  proviLied  by  section  5  ihr  the 
felon  "who  shall  dissect,  or  liave  in  his  possession  lor  tlie  purpose 
of  dissection,  any  inunaii  body,  or  any  part  thereof,  other  than 
such  as  are  or  may  be  given  by  law  for  finch  uses/'  Section  6 
makfti  who  "  have  the  supervision  of  the  dissecting-room 

and  of  the  instruction  given  therein "  responsible  "  for  bodies 
received  or  found  therein."  Section  7  relates  to  illegal  eximriia- 
lioij  which  is  made  a  felony,  punishable  l)y  imprisonment  in  the 
State  prison  "  for  not  less  than  three  nor  more  than  ten  years." 
According  to  section  9,  one  who  knowingly  aids  in  concealing  an 
unlawfully  procured  body  is  liable,  as  a  felon,  to  imprisonment  in 
the  State  prison  for  irom  one  to  three  years.  Section  10  <leelares 
that  "any  person  who  shall  buy  or  receive,  by  gift  or  otherwise^ 
any  dead  human  body,  or  any  part  thereof,  knowing  the  same  to 

have  been  disinterred  in  viohition  of  this  act^  shall  be 

deemed  an  accessory  to  such  offensoi  and,  on  conviction  thereof, 
be  punished  in  like  manner  as  is  prescribed  in  the  preceding 
section/' 

Chapter  LXVI  of  the  Session  Laws  of  Indiana  for  1879,  is  an 
Act "  to  promote  the  science  of  medicine  and  surgery  by  providing 
methods  whereby  human  subjects  for  anatomical  and  scientific  dis- 
section and  experiment  may  be  lawfully  obtained,  and  prc^ribing 
pemtlties  for  violation  thereof."  The  Act  \n  a  liberal  one.  The 
penalties  provided  for  it«  violation  are  severe.  Its  tiflh  section  is 
unusual  in  its  |)ro visions. 

"Sect.  5.  In  c^ise  ot"  any  vagrant  found  dead,  or  in  ease  ul  any 
per&ou  killed  while  committinij  a  felony,  or  if  any  prisoner  is  con- 
virte<l  of  lieluny  and  ju.«tili ably  killed  in  attempting  to  escape  fruni 
priaoij  or  from  oilieers  ot  'the  law  liavinpr  him  or  her  in  lawful 
custody,  upon  the  body  of  which  {leison  an  inquest  may  lawfully 
be  and  shall  l>e  hehl  by  tlx' 'oroner  or  other  oUieer  thereto 
lawfully  authoriml,  it  bhali  be  ilm  duty  of  such  inquest  to  iiu|uire 
13 
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as  to  the  existence  and  residence  of  any  next  of  kin  of  such  de- 
ceased person  ;  and  if  it  shall  he  the  verdict  of  su(;h  inquest  that 
the  person  so  ibund  dead  or  killed  had  no  next  of  kin,  the  coi  r.ncr 
or  other  officer  holding^  such  inquest  may  at  his  discretion,  and 
with  the  approval  of  the  sherifl'of  the  coonty  wherein  sucli  inquest 
is  held,  upon  the  request  in  writing  of  the  fa<'ultv  or  other  author- 
ities of  any  duly  incorporated  and  organ izt'ii  medical  colkirf'  or 
medical  association  within  this  State,  in  oi)eration  nearest  to  the 
place  of  such  inquest,  deliver  such  dead  body  to  such  college  for 
the  scientilic  purposes  thereof,  taking  a  proper  descriptive  receipt 
therefor,  which  shall  be  filed  with  the  clerk  of  the  coaiity.'' 

Ohio^  as  early  as  1831,  euaoted  penaltieB  for  grave  robbery*,  but 
did  not  pass  any  ''Act  to  encourage  the  study  of  anatomy,^'  till 
March  26,  1870,  when  an  inadequate  law  with  the  abovr  title  was 
passed.  House  bill  No.  216,  Ohio  legistature,  1878,  embodied  an 
attempt  to  repeal  the  Act  of  1870,  in  the  following  remarkable 
terms ; — 

**Whierta»^  hj  the  laws  of  this  State  the  bodies  of  criminals^ 
executed  for  heinous  oflfimces,  unless  said  criminals  are  poor  and 
friendleas,  are  entitled  to  decent  burial ;  and  v^ierMB,  poverty  is 
no  crime,  and  the  poor,  honest,  friendless  man,  in  life  and  in  death, 
should  before  the  law  be  the  equal,  at  least,  of  the  depraved  crim- 
inal ;  and  whereas,  by  the  laws  of  this  State  the  bodies  of  deceased 
and  unclaimed  poor  are  authorised  to  be  g^ven  over  to  certain 
colleges  and  schools  for  dissection  ;  therefore, — 

"Sect.  1.  Beit  enacledy  etc.,  That  an  Act  entitled  *An  Act  to 
encoura:;e  the  study  of  anatomy/  passed  March  25,  1870,  be  and 
the  same  is  hereby  repealed. 

"Sect.  2.  This  Act  shall  take  eliect  and  be  in  force  from  and 
after  iu  [)assajj:;e." 

The  pei>on  win*  introiluced  this  bill,  meeting  with  unexpected 
opposition,  liiially  wiihdrew  it,  saying  that  he  ha<l  "only  intro- 
duced it  u>v  Inn."  The  Harrison  horror  satisfied  the  Ohio  legis- 
lators that  anatomy  c»ouid  not  be  rcfrulated  by  jocose  le^^islation  ; 
and  an  earnest  attempt  was  made  to  protect  alike  the  anatomists 
and  the  dead,  as  may  be  seen  on  consulting  section  3763  of  the 
Revised  Statutes  of  Ohio,  18S0. 

From  1851  till  1880  it  was  provided,  in  the  chapter  of  the  code 
of  Iowa  which  relates  tooflfenses  against  cbastitjand  decency,  that 
every  offender  who  should  iUegaily  disinter,  or  assist  in  disinteiv 
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ring  or  coue^liug  any  human  body,  shoiikl  "  bo  jninishcd  by 
imprisonraent  In  the  county  jail  not  exceeding  one  year,  or  l)y  tine 
not  exceeding  ijjlOOO,  or  by  both  fine  and  imprisonment."  By 
Act  of  March  26,  1880,  emlxxlied  in  section  40i9|  of  Revimd 
Statutes  of  Iowa,  ever^  suok  offender  is  now  liable  to  imprison- 
ment "  in  the  penitentiary  not  more  than  two  yean,  or  by  fine  not 
exceeding  (2500,  or  by  both  fine  and  imprisonment/'  By  the  Act 
of  April  22,  1872,  it  is  allowed  in  Iowa,  nnder  the  eustomaiy 
fCBtriotions,  for  any  coroner  or  undertaker  in  any  county  or  city  in 
which  the  population  exceeds  one  thonaand  inhabitants  to  deliver 
to  any  medical  college  or  school,  or  any  physician  in  the  State,  for 
the  purpose  of  medical  or  surgical  study,  the  body  of  any  deceased 
person,  except  where  such  body  had  been  interrad  or  dressed  for 
interment* 

I  have  endeavored  to  ascertain  some  &ots  as  to  the  amount  and 
cost  of  the  dissection  done  in  our  American  schools  of  medicine. 
I  can  iiiid  no  statistics  on  the  question.  The  following  statement 
iti  based  on  the  figures  of  the  forthcoming  report  for  1879  of 
General  John  Eaton,  United  States  Commissioner  of  Education, 
and  on  such  data  as  liave  been  kimily  furnished  me  by  several 
prominent  teachers  of  anatomy.  The  total  number  of  medical 
BtudeuLs  uf  "all  sorts"  in  the  United  Sfntes,  in  1879,  was  13,321, 
Fhov.'ing  an  increase  of  1,484  over  1876,  and  of  7,378  over  1870. 
Ut  these  9,603  were  in  attendance  upon  988  instructors  in  68 
so-called  regular  schools,  in  26  States  and  the  District  of  Colum* 
bia.  The  increase  of  regular  students  in  1879  over  1S78  was 
1,317,  In  12  States  with  libei-al  anatomy  laws  there  were  34 
schools,  with  599  instructors  and  5,294  students. 

Indiana  and  Ohio  joined  the  column  of  liberal  S^tes  in  1879, 
with  a  total  number  of  1,219  students;  whereas  in  1878  the  total 
number  in  those  States  was  94$.  In  6  States  with  illiberal  laws 
there  were  18  schoob  with  228  instructors  and  1,672  students; 
and  in  8  States  and  the  Dbtrict  of  Columbia  there  were  1,652 
students  in  15  schools,  with  122  instructors,  unprotected  by  law 
in  the  study  of  practical  anatomy.  Kentucky,  with  4  schools  and 
603  students,  had  no  anatomy  law.  The  District  of  Columbia 
had  158  students  in  3  schools;  also  1  President  of  the  United 
States  and  1  Congress,  ditto,  but  no  anatomy  Jaw.  Maryland 
with  2  schools  and  468  students ;  Louisiana  with  1  school  and 
193  students;  South  Carolina  with  1  School  and  71  stutlents; 


i^iy  j^ud  by  Google 


114 


£,  M,  HAM  TWELL. 


and  Korth  Carolina  with  1  .'^cliool  and  7  sliult  iits  had  uo  anatomy 
Act  and  no  statute  forbidding  disinterment  of  tlie  dead.  The  eit y 
of  Baltimore  Imriod  577  nnelalnied  <lead  bodies  in  18dO|  while  her 
anatoraistd  were  oblige*!  to  use  stolen  subjects  or  none. 

DurinjT  the  winter  of  1879-80,  in  11  medical  schools  in  fj  St'Ues 
and  the  District  of  Columbia,  tliere  were  1,944  students  in  attend- 
ance, of  whom  1,256  dissected,  and  609  dissected  more  than  one 

part."  On  the  average  the  dissection  of  two  parts  is  required 
for  a  de<irce.  The  average  cost  of  a  part  was  ^3.00,  the  extremes 
being  $9.00  and  nothing.  The  demonstrator's  ticket  is  not  reckoned 
in  the  cost  per  part.  The  average  cost  of  subjects  to  the  schools  was 
$18.72;  the  extremes  of  price  being  $3.00  and  $50.00.  Usually 
5  students  dissect  on  a  single  subject,  but  in  one  school  8  and  in  . 
another  10  students  work  on  the  same  subject^  alternately  reading 
and  dissecting.  Of  445  suljects  used,  not  more  than  39  were  used 
by  students  in  making  suigical  operations  on  the  cadaver.  Three 
only  of  the  eleven  schools  claim  to  prescribe  such  a  course  of  oper^* 
tions ;  but  judging  from  the  number  of  students  who  took  it,  it  is 
a  medical  rather  than  a  legal  prescription.  Of  the  1,255  students 
who  dissected,  465  using  133  subjects  were  unprotected  by  law  in 
so  doing.  On  the  basis  indicated  above,  it  is  computed  that 
between  3,400  and  3,500  subjects  should  have  been  used  by  the 
students  in  the  regular  medical  schools  of  the  Unitetl  States.  The 
official  returns  show  that  in  France  in  1870,  3,4G3  subjects  were 
dcliveml  in  accordance  with  law,  at  the  anatomical  theair<^  of 
schools  liaviug  an  aggregate  of  5,624  students. 

We  have  traced,  thus  far,  the  course  of  practical  anatomy  in 
America  from  tlie  timeof  (jiles  Firmin  till  the  close  of  t lie  hist 
century  ;  and  have  consich  rcd  in  a  more  dctiiilcd  way  the  develop- 
ment of  what  may  be  characterized  as  the  most  typical  of  the 
American  Anatomy  Acta,  namely,  the  Massachusetts  law.  The 
same  obtitacles  of  prejudice  and  apathy  which  beset  the  anatomists 
of  our  younger  States,  have  been  operative  in  every  land  where  anat- 
omy has  gained  a  foothold,  since  the  days  of  Ptolemy.  It  would 
be  interesting  to  attempt  to  analyze  the  popular  pnjudice  against 
human  dissection,  which  prejudice  is  a  strange  compound  of  |mgan 
superstition,  Christian  materialism,  and  an  innate  aversion  to  the 
morals,  aims,  and  manners  of  the  average  American  medical 
student.  Such  an  attempt  would  take  us  too  far  afield.  It  is 
note-worthy,  however,  that  anatomy  has  flourished  chiefly  under 
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the  ni](  dl"  prince  an<l  prelates.  Anatomists  luive  usually  found 
republics,  to  say  tlie  least,  ungrateful.  We  ought  not  to  be  bur- 
prised,  therefore,  when  we  consider  American  Anatomy  Acts  as 
a  class,  to  find  certain  of  our  States  no  more  enlightened  in  this 
regard  than  was  Fiance  when  Vcsalius  had  to  contend  by  Dight 
with  vultures  and  prowling  dogs  for  the  carcase  of  the  murderer 
or  the  suicide.  The  utmost  help  that  several  of  our  States  give  to 
aoatomistB  is  the  occasional  gift  of  the  body  of  an  executed  male- 
factor; while  others  of  them  have  not  attained  even  to  that 
medioval  stape  of  generosity. 

The  guild  spirit  which  led  to  the  incorporation  of  the  Edin- 
burgh Surgeons  as  a  "Company,"  in  1505,  and  the  incorporation 
of  the  ^'Mystery  and  Commonalty  of  Barbers  and  Surgeons  of 
London/'  in  1540,  may  be  said  to  charaoteriae  the  majui  ity  of  our 
American  medical  colleges  which  are,  as  has  been  well  said  by 
President  Eliot  of  Harvard  University,  managed  as  commercial 
ventures.  This  trading  inouopoliziiig  spirit  is  more  iiiuiked  in 
British  than  in  ConliueiUal  schools  of  medicine.  The  radieal 
diirerence  between  European  and  American  medical  education 
results  I'roni  the  uoelid  lack,  on  tin-  -i  le  ot"  the  Atlantic,  of  the 
well-considered,  coubistent,  and  rei5poii>iblr  StRte  supervision  exer- 
cised over  the  teachers,  students,  and  praeiiiioners  of  medicine  in 
most  European  countries.  In  no  di-jxirtment  of  niedieal  education 
is  this  ditllerence  more  strongly  marked  than  in  that  of  anatomy. 
It  is  equally  clear  whether  we  consider  the  training  and  attain- 
ments of  the  teachers,  the  amount  of  practical  knowledge  required 
of  the  students,  or  the  laws  regulating  the  supxily  of  material  in 
this  department. 

It  is  no  less  certain  that  the  German  and  French  schools  of 
anatomy  outrank  the  British,  tdan  that  the  latter  outrank  the 
American.  While  one  might,  from  sources  to  be  found  in  the 
libraries  of  Washington,  Boston,  and  Baltimore,  trace  the  develop- 
ment of  the  French  laws  concerning  the  cadaver,  I  find  it  impose 
ble  to  make  any  detailed  statement,  based  on  authentic  documents, 
regarding  the  laws  which  regulate  the  organization  and  mainte- 
nance of  the  German  institutes  of  anatomy.  It  may  be  stated, 
however,  that  an  Act  which  should  embody  the  best  features  of 
the  l)c8t  Americ^in  Anatomy  Acts,  while  it  would  compare  lavora- 
l)ly  with  the  British  law?,  would  full  far  short  of  the  French,  in 
point  oi  cumpreheusiveucbs  aud  liberality;  aud  it  in  safe  to  buy 
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that  DO  medical  school  in  the  United  States  oombiDes  the  rigid 
requiremente  of  Vienna  and  Prag^iio,  of  seventy  years  ago,  with 
anytliino;  like  the  wealth  of  opporiuniiy  offered  to-day  at  Tarls 
and  Boiiu.  One  who  ftlioidd  ilcsire  to  bei'ome  a  thoroughly  Expert 
anatomist  through  the  dij^suclion  of  the  dead  rather  tlian  by  mang- 
ling the  liviiii;,  would  l>e  justified  \n  ir<un(r  from  America  to  Ger- 
niany  or  France  simply  on  ^^'unnlH  ot  erniiomy.  The  dej)n|iu- 
latiou  of  American  medical  coilegas,  owinLr  t  o  i^uch  a  cause,  need, 
however,  not  be  feared,  so  long  as  the  present  public  and  profes- 
sional indifference  to  ignorance  of  the  fundamental  £icl6  of  medical 
science  obtains. 
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ALTERNATION  OP  PERIODS  OF  REST  WITH 
PERIODS  OF  ACTIVITY  IN  THE  SEGMENT- 
ING BQQtS  OF  V£BT£BRAT£S.  By  W.  K.  BROOKS, 
Ph.  D.,  As9oeiat9  in  Biology.  With  Plate  Yllf . 

In  the  first  volume  of  tbie  Joanial  I  have  called  atteDtion  to 
the  fact  tliat  the  well-known  contraction  of  the  molluscan  egg  after 
each  division  is  the  external  indication^  at  least  in  the  Fresh-water 
Pnlmonates  and  the  Oyster,  of  an  alternation  of  periods  of  rest 
with  periods  of  activity. 

I  have  suggested,  (Vol.  I,  No.  2,  page  78),  that  this  alternation 
may  be  doe  to  the  need  for  an  aoonmnlation  of  energy,  by  the 
assimilation  of  the  food  contained  in  the  ^g,  in  order  to  overcome 
the  physical  resistance  of  the  protoplasm. 

According  to  this  view  the  separation  of  the  periods  of  activity 
by  intervening  periods  of  rest  is  the  essential  featare,  and  the  con- 
traction after  each  division  a  secondary  phenomenon ;  and  it  is 
therefore  interesting  to  fiini,  in  eggs  where  the  blastoderm  is  small 
and  the  food  yolk  large  and  inelastic,  that  while  there  is  no  con- 
traction after  each  division  there  is,  during  the  early  staj::es  at 
least,  a  well  marked  period  of  rest  after  each  period  of  activity. 

During  the  suiiiim  r  of  18S0  I  obtained,  at  tlic  marine  labora- 
tory of  tlic  Johns  Hopkins  University,  a  number  ot  lar^e  fish-eggs, 
which  are  probably  tliose  of  Batrachus  tau  (Linn.)  Wiiile  many 
of  the  eggs  appeared  to  be  perfectly  healthy,  and  while  I  found 
them  in  various  stages  of  s^roentation,  I  at  first  failed  to  observe 
any  change  whatever  in  a  single  egg,  even  after  several  hours 
observation. 

As  it  seemed  possible  that  this  might  be  due  to  the  rapidity  of 
the  change  when  it  did  take  place,  I  determined  to  keep  a  single 
egg  under  constant  observation  until  I  saw  it  undei^  segmenta- 
tion, or  satisfied  myself  that  it  was  dead,  and  the  result  was  quite 
interesting,  since  it  showed  that  the  periods  of  change,  which  are 
father  short,  are  separated  from  each  other  by  extremely  long 
periods  of  rest. 

The  blastoderm  of  the  egg  which  was  selected  is  shown  in 
Figure  1,  Plate  VI 1 1,  as  seen  from  above,  magnifieil  eiglity 
diameters.    It  is  divided  into  eight  sphcruleb,  wliich  are  sym- 
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metrically  placed  on  the  sides  of  a  longitudinal  axis.   At  one  end 
of  tliis  axis  there  are  two  large  spherales  1,  and,  following  these, 
a  second,  somewhat  larger  pair  2 ;  then  a  very  small  pair  8,  and 
'  at  the  opposite  end  of  the  axis  a  fourth  pair  4,  nearl^i  bnt  not 

quite,  as  large  as  the  first  pair.  This  egg  was  so  perfisctly  sym- 
metrical, and  its  spherules  so  well  defined,  that  I  felt  sore  that  it 

was  alive,  and  therefore  determined  to  keep  constant  watch  of  it 
until  some  change  took  place.  I  do  not  know  how  long  it  had 
been  in  this  condition  before  I  placed  it  under  the  microscope,  but, 
for  two  lionrs  after,  it  exhibited  no  visible  chancre  whatever.  At 
the  end  of  this?  time  nuclei  became  visible  in  the  cells  4  and  o  and 
soon  divided,  and  at  the  end  of  five  minutes  each  of  the  spherules  3 
had  divided  into  two,  as  stjown  in  Fif^nre  2;  each  of  the  spherules  4 
had  a  double  nucleus,  one  of  the  cells  2  a  double  nucleus,  and  the 
other  a  sin<;le  one. 

in  five  minutes  more,  Figure  3,  all  the  spherules  were  in  some 
stage  of  division,  but  this  was  more  advanced  on  one  side  of'  the 
axis  than  on  the  other.  In  five  minutes  more.  Figure  4,  all  the 
spherules  except  2  and  4  on  one  side  were  pei&otlj  divided.  In 
ten  minutes  more,  Figure  5,  the  division  was  completed;  the 
blastoderm  was  divided  into  sixteen  spherules^  and  these  were 
symmetrically  arranged  in  pairs,  on  the  two  sides  of  a  long  axis, 
which  was  identical  with  that  of  Figure  1. 

The  perfect  bilateral  symmetry  of  this  stage  formed  such  a 
marked  contrast  to  all  the  stages  between  it  and  Figure  1,  that  I 
felt  confident  that  it  marked  the  end  of  a  period  of  segmenting 
activity,  and  that  a  period  of  rest  would  now  follow. 

The  result  fully  justified  this  supposition,  ibr,  although  I 
watched-  it  for  more  than  three  hours^  no  more  change  was  visi- 
ble^  and  when  I  retired  at  night  it  was  as  shown  in  the  figure* 

It  was  not  dead,  for  the  next  morning  the  blastoderm  was  found 
to  be  divided  up  into  a  great  number  of  small  cells,  as  shown  in 
Figure  U,  which  is  a  little  more  mai^nilied  than  the  otlier  figures. 

During  the  summer  I  observed  the  same  phenomenon  in  the 
segmenting  e^rg  of  an  Arthropod,  and  it  was  obHorvcd  by  Mr. 
A\  ilsnn  in  Annelid  eggs.  Dr.  Clarke  has  also  observed  it  in 
Amblvstoma,  and  I  think  we  niav  conclude  that  it  is  charac- 
teri>lic  of  >(  >:iiu'ntation  in  i:(^neral  ;  that  wherever  eireu instances 
adujit  oi'a  carel'ul  time-record,  the  active  clianij^cfl  will  be  found  to 
be  separated  irom  each  other  by  periods  duriug  which  there  is  no 
visible  external  change. 
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A  NEW  METHOD  OP  STUDYING  THE  MAMMA- 
LIAN HEART«  By  H.  NEWELL  MARTIN,  M.  A»  D.  So. 
M.  D.  With  Plate  IX. 

In  the  course  of  some  experimeuts  made  by  me  in  coDjanotion 
with  Dr.  W.  T.  Sed^iok,  on  blood  pressure  in  the  ooronaiy 
arteries  of  the  heart,  the  fact  was  impressed  upon  me  that  the 
mammalian  heart  is  no  snoh  fragile  organ  as  one  is  usually 
inclined  to  assume,  but  possesses  a  very  considerable  power  of 
bearing  manipulation.  On  the  other  hand,  I  knew  of  various 
unsnooessfiil  attempts  to  isolate  the  mammalian  heart  and  study 
its  physiology  apart  from  the  influence  of  extrinsic  nerve  centres, 
in  a  manner  more  or  legs  similar  to  the  methods  so  frequently 
used  for  physiolopcal  investigations  on  the  heart  ol'a  cold-bloode<l 
auiuial  :  the  uuiaiiuaiiaii  licart,  liowever,  always  died  before  any 
ohservaiions  coukl  be  made  on  it  Thiiikiii*^  over  the  apparent 
contradiction,  it  occurred  to  me  that  the  essential  ditlerenee  proba- 
bly lay  in  the  cmunary  circulation  ;  in  the  fn)^,  as  is  well  known, 
there  are  no  <()ronary  artericf?  or  veins,  tlie  thin  auricles  and 
spongy  ventricle  being  nourished  by  the  blood  tiowing  tlirough 
the  cardiac  chambers,  but  in  the  mammal  the  thick-walied  heart 
has  a  special  circulatory  system  of  its  own  an  I  needs  a  steady 
flow  through  its  vessels,  and  cannot  be  nourished  (as  appears  to 
have  been  forgotten)  by  merely  keeping  up  a  stream  tf trough 
auricles  and  ventricles.  The  greater  respiratory  needs  of  the  heart 
of  the  warm-blooded  animal  also  needed  consideration ;  the  longs 
ought  either  to  be  left  oonneoted  with  it,  or  replaced  by  some  other 
efficient  aerating  apparatus;  if  entirely  separated  from  the  central 
nervous  system  there  seemed  no  need  to  replace  the  natural  lung 
by  an  artificial  one,  and,  though  I  hope  ultimati^ly  to  do  this,  my 
work  hitherto  has  been  confined  to  the  study  of  heart  and  lungs 
living  together,  when  all  the  rest  of  the  body  of  the  animal  was 
dead.  Under  such  eircumstanoes,  witli  uniform  artificial  respira- 
tion, the  InnL';^  niay  ix'  rcL^anled  as  purely  phvsieal  ortjans  adapted 
for  gaseous  diilusion ;  and  {)rol>al»ly  iu  tier  ibr  this  purpose  thau 
any  substitute  which  could  be  coniLiucled. 

My  first  ex{)eriments  wore  made  with  cnf«.  The  animal  was 
norcuU^  with  morphia,  tracheotomibed,  aud  a  caunuiu  put  in  the 
14  liU 
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left  carotid.  Thea  the  thonuE  was  opened^  (artificial  leepiration 
being  started)^  the  innominate  artery  tied  b^pnd  the  origin  of  the 
left  carotid  but  proximal  to  the  point  where  the  right  siibdaYian 
and  right  carotid  separate;  the  left  subclavian  was  ligatured  near 
its  origin ;  and  the  aortic  arch  tied  immediately  beyond  the 
organ  of  the  left  subclavian.  Finally,  the  superior  aud  inferior 
caviu  and  the  root  of  one  lung  were  tied  ;  the  cannula  in  the  left 
carotid  was  connected  with  tlie  manometer  of  the  kymograpliion, 
and  tracings  taken  in  ilie  usual  manner.  Under  these  circum- 
stances the  course  of  the  blood  was — left  auricle,  left  ventricle, 
aortic  arch  and  the  ligatured  arterial  stumps  connected  with  it,  the 
coronary  vesi^els,  the  right  auricle,  the  right  ventricle,  the  pulmon- 
ary circu  la  tiou  through  one  lung,  and  back  to  the  left  auricle.  All 
circulation  was  cut  off  from  every  organ  in  the  body  exce|)t  heart 
and  lungrt;  the  brain  and  spinal  cord  soon  died,  the  muscles 
became  rigid,  and  kidneys  and  liver  had  no  longer  any  physiological 
connection,  either  through  the  nervous  system  or  the  blood,  with 
the  heart;  which,  though  Btill  in  the  body,  was  physiologically 
isolated  from  everything  but  the  lungs;  yet  as  my  preliminary 
ejcperiments  shewed  (Johns  Hopkins  University  Circular,  No.  lU, 
p.  127|  April,  1881,)  the  heart  went  on  beating  with  considerable 
&roe  and  regularity  ibr  more  than  an  hour. 

The  method,  however,  still  left  much  to  be  desired ;  I  wanted 
the  heart  alive  much  longer;  a  means  of  keeping  it  at  a  uniform 
temperature ;  a  method  of  renewing  the  blood  which,  either  be- 
cause clogged  with  waste  products  usually  removed  by  the  kidneys 
or  other  organs,  or  because  certain  nutritive  materials  in  it  were 
used  up,  ceased  to  be  efficient  in  keeping  the  heart  alive  after  a 
certain  time ;  and  opportunity  to  run  blood,  to  which  various  sub- 
stances had  been  added,  through  the  heart  from  time  to  time  io 
order  to  study  their  action  upon  it. 

After  several  attempts  the  apjiaratus  roprestMited  in  Plate  IX 
was  devised,  and  has  been  I'onnd  to  answer  ad  mi  rabJy ;  with  it  1 
have  kept  a  iieart,  isolated  |)hy.>iol()gically  from  everything  but  the 
lungs,  beating  with  beautiiul  regularity  lor  more  than  iive  hours, 
aud  have  no  doubt  I  could  keep  it  considerably  longer  were  that 
necessary. 

In  the  plate  the  heart  is  represented  very  diagramraatically  and 
of  hugely  disproportiouate  size;  the  pulmonary  vessels  also  are 
entirely  omitted,  as  they  are  not  interfered  with  in  the  experiment. 
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At  first  I  thought  the  immense  disproportion  in  capacity  between 
the  complete  pulmonary  system  of  vessels  and  the  systemic  circa- 
]ation  re<Iuoed  to  only  its  coronary  portion  would  injure  the  work- 
ing of  the  heart,  and  I  tied  up,  as  above  stated,  the  root  of  one 
]ang  and  sometimes  one  or  two  lobes  of  the  other;  but  I  Iiave 
since  found  that  this  is  quite  unneoessary ;  the  left  auricle  takes 
only  what  it  wants,  no  matter  how  much  blood  is  aoeumulated  in 
the  lungs,  and  the  circulation  is  thtu  confined  to  the  quantity  of 
blood  which  under  a  given  aortic  pressure  is  sent  through  the 
coronary  system  in  a  given  time. 

The  course  of  an  experiment  is  as  follows :  Tracheotomy  having 
been  performed,  each  pneomogastric  nerve  is  divided  in  the  neck ; 
this  is,  I  find,  of  importance  as  saving  the  heart  from  the  effects  of 
powerful  dyspnoeic  inhibition  when  subsequently  all  ihe  cerebral 
circulation  is  cut  off.  A  cannula,  is  then  placed  in  the  left 
carotid,  o;  and  another,  .v,  in  the  right  carotid,  r;  the  purpose  of 
these  will  be  mentionctl  presently.  Next  the  iivni  jiair  of  <'Ostal 
cartilnijes  and  the  piece  of  bteriuim  Ltiutcn  tliem  arc  resrvted, 
artihcial  respiration  started,  and  the  internal  niaminary  arteries 
found  and  ligatured  where  they  pass  forwards  between  the  apices 
of  the  lungs.  The  sternum  and  the  sternal  ends  of  the  ribs  are 
then  cut  away  down  to  the  diaphragm,  and  if  the  day  is  cold  a 
cloth  soaked  in  moderately  hot  water  laid  over  the  posterior  half 
of  the  chest  so  as  to  keep  lungs  and  heart  warm,  care  being  taken 
that  it  does  not  touch  the  pericardium;  this  hot  damp  cloth  is 
renewed  from  time  to  time  as  necessary;  on  a  warm  day  it  may  be 
omitted. 

Next  the  superior  cava  is  pushed  aside  and  the  right  subclavian 
artery,  Wj  clamped  and  opened.  The  bulb  of  a  slender  ther- 
mometer, a,  is  then  placed  in  the  vessel  and,  the  clamp  being 
removed,  is  pushed  down  into  the  innominate  trunk  and  tied  so 

as  to  keep  it  there.  This  gives  the  temperature  of  the  blood  flow- 
ing through  the  heart,  which  cannot  be  deduced  accurately  from 
tempemture  of  the  chamber  in  which  the  apparatus  is  placed ; 
partly  because  the  blood  warms  and  cools  more  slowly  than  the 
air  in  the  box,  and  partly  because  in  its  circuit  throuLch  the  limits 
it  i-  <  owlpd.  A  very  small  twifj;'  L^ivcn  oil' from  the  innouiiuuLe  trunk 
to  the  anterior  mp<li:i^tinuni  is  also  tied.  Next  the  left  subclavian, 
w,  is  isolated  and  a  cannula,  a;,  placed  in  it  ;  and  the  anrtic  arch,  /, 
tied  just  beyond  the  origin  of  the  leil  subciaviau.    When  the  sub- 
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olavians  and  aorta  are  tied  (the  carotid  flow  beiner  already  stopped) 
anaemic  or  dyspnoeic  eonvul^sio^8  occur,  and  arterial  pressure  rises 
vorv  liigh,  as  evidenced  by  the  great  size  t-o  which  the  stumps 
connected  with  the  aortic  arch  become  distended;  to  obviate  this 
strain  on  the  heart,  the  aortic  arch  is  tied  as  (juickly  as  posjiible 
after  putting  the  cannula  in  the  left  subclavian,  and  before  the 
dyspnrpa  is  extreme  a  large  quantity  of  blood  drawn  olf  throngli 
the  cannula,  s,  in  the  riii;ht  caroti<l ;  when  what  a|)pears  sulHcient 
is  dniwu  the  screw-clanjp  n  is  ti^^hten^d  up  again.  Finally  tlio 
inferior  cava,  c,  is  ligatured,  and  the  azygos  vein,  /;  and  a  can- 
nula, A,  put  in  the  superior  cava,  This  fiDiahes  the  operative 
procedure. 

To  get  rid  of  the  blood  now  present  in  the  heart  and  lung;s, 
which  would  be  apt  to  clot  in  the  cannula  during  a  suhsctpiont 
prolonged  observation,  and  to  replace  it  by  defibrinated  blood,  of 
which  about  two  litres  are  obtained  from  other  dogs  before  the  ex- 
periment, is  the  next  step.  The  cannula  h  is  filled  with  whipped 
blood  and  connected  with  a  funnel  containing  the  same  warmed  to 
C;  the  clamp  t  on  the  right  carotid  is  then  again  opened  and 
from  300  to  400  c.  c,  of  defibrinated  blood  ran  through  the  heart 
and  Inngs^in  by  the  superior  cava  and  out  by  the  carotid — wash- 
ing out  and  replacing  the  blood  previously  present;  the  blood 
drawn  is  whipped  and  strained  and  added  to  the  stock  on  hand. 
The  supply  should  be  slow  and  sent  in  under  a  pressure  equal 
to  that  exerted  by  a  column  of  blood  about  20  centimetres  in 
height.  The  carotid  is  then  again  clamped  and  the  vena  cava  a 
second  or  two  later,  after  the  heart  and  lungs  have  filled  np  with 
blood.  The  lluinel  is  now  removed  and  the  heart,  still  lyin^;  in 
the  chest,  is  ready  for  transffrciicc  to  the  chamber  in  \vhich  it 
is  to  be  kept  warm  and  muit^t  and  fed  with  fresh  defibrinated 
blood. 

Thi.s  chamber  consists  nf  a  1m)x  five  feet  long^,  three  hirrh,  and 
two  and  a  half  wide.  It  has  no  floor;  lias  one  woofh'U  end,  i  ;  a 
woodt'M  });;ck  ;  a  fj^lass  front;  a  i;la-s  roof,  K  ;  and  a  glas-s  end,  L. 
The  front  can  l)e  entirely  removed  and  lias  also  a  door  in  it 
through  which  raattei*8  can  Iroin  time  to  tiin(.' he  arraiiL'^ed  inside 
and  temperatures  read  off  without  removing  the  whole  trout.  The 
chamber  refits  on  a  galvanized  iron  trough,  DD^  which  contains 
about  an  inch  and  a  half  of  \\  ater.  In  it  is  a  Bunsen's  regulator 
connected  with  the  burners  CC,  and  serving  to  maintain  a  uniform 
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temprnitnre  in  the  interior.  In  the  chamber  about  an  hour  before 
the  ex[)eriment  are  placed  tiie  <::l:iss  eylinders  27  and  28,  each  con- 
taining; nhoiit  800  e.  c.  of  fresh  whipped  and  strained  dog's  bloody 
which  has  thus  time  to  attain  the  temperature  of  the  interior  of 
the  box. 

AH  being  ready  the  front  of  the  chamber  18  rer'ioved  and  the 
dog:  stretcher  QQ^  having  on  it  the  dead  body  of  the  dog  with  the 
living  heart  and  and  longs,  is  put  in.  The  heart  alone  Is  indicated 
in  the  diagram  to  make  description  of  its  oonneotions  easier.  The 
cylinders  27  and  28  are  elevated  on  a  block  at  the  anterior  end  of 
the  stretcher,  so  that  their  lower  ends  are  ten  or  twelve  centimetres 
above  the  auricular  end  of  the  heart  These  cylinders  are  Mar- 
riott^s  flasks.  Each  is  closed  air-tight  at  the  top  by  a  oork  through 
which  four  tubes  pass;  one  tube  in  each  esse  (9  and  12  respec- 
tively) allows  air  to  enter  from  the  interior  of  the  chamber  and 
reaches  to  near  the  bottom  ;  another  (5,  6)  dips  a  little  deeper  into 
the  bk)od  and  acts  as  a  syphon  to  draw  it  oti'.  The  reraainini^  tiil»<  s 
(7  ami  10,  8  and  11,  re.speetlvely,)  only  reach  a  short  way  through 
the  eorU.  Each  has  on  iib  upper  end  a  bit  of  rubber  tubini»;  which 
can  be  closed  air-tight  by  a  clamp,  and  is  sq  when  the  cylinder  is 
in  use.  These  short  tubes  are  for  filling  the  reservoirs  ;  when  one 
cylinder  is  nearly  empty,  as  for  instance  27  in  the  (liai^rani,  the 
clamp,  2,  on  the  tube  leadiuLC  li'oni  it  to  the  heart  is  screwed  up, 
and  the  comraunicjition  between  the  heart  and  the  other  reservoir 
opened ;  while  this  second  one  is  feeding  the  heart  the  tirst  is 
refilled  by  opening  the  clamps  18  and  17,  putting  the  funnel  19 
on  the  rubber  tubing  of  11^  and  reiilUng  the  reservoir  through  it; 
as  the  t)lood  enters  the  air  escapes  through  10;  wlien  the  cylinder 
is  filled  the  damps  17  and  18  are  again  screwed  tight  and  the 
cylinder  is  again  ready  for  use  long  before  its  fellow  has  emptied. 

The  syphons  leading  from  each  Marriott's  flask  meet  in  the 
T-pieoe  %  from  which  passes  the  rubber  tubing  «.  As  soon  as  the 
animal  is  placed  in  the  chamber  this  bit  of  tubing  is  filled  witlt 
blood  by  opening  its  connection  with  one  of  the  reservoirs  and  is 
immediately  slipped  over  the  end  of  the  cannula,  A,  in  the  superior 
cava,  from  which  the  clamp  is  removed :  the  heart  is  thus  steadily 
supplied  with  blood  from  each  reservoir  in  turn.  The  outflow 
tube,  7,  })asses  from  the  left  carotid,  o,  which  is  not  used  for  the 
])re!iininary  l>leeding  and  washing  out  which,  with  the  object  of 
avoiding  any  clotting  in  the  left,  arc  douc  through  the  right  carutid 
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as  above  described ;  now  that  there  is  onlv  defibrinated  blocxl  to 
deal  vviili  there  is  no  longer  any  danger  ot  such  clotting.    Over  the 
cannula,  p,  is  slipjied  one  end  of  the  rnbber  tube,  r/,  which  lends  to 
the  gln«s  tui)e  21,  which  passes  through  the  wooden  end  of  the  box: 
and  has  on  it  a  stopcock,  22,  beyond  which  the  tube  curves  rnimd 
and  reenters  the  box.    By  means  of  the  stopcock  the  rate  oi  iri*i- 
gation  can  be  regulated  without  opening  the  chamber;  the  blood 
which  flows  tiirongh  is  rcr€ive<l  in  the  vessel  24,  which  is  set  aside 
within  the  box  and  replaced  by  another  from  time  to  time  as 
neGeesaij,  until  one  of  the  Marriott's  flaskB  needs  refilling.  In 
this  way  the  blood  beiog  nearly  always  inside  the  ohamber  does 
not  get  a  chance  to  cool  more  than  a  degree  or  two,  and  so  has 
ample  time  to  heat  up  again  to  the  proper  point  while  the  other 
Marriott's  flask  is  emptying.  The  rate  of  flow  permitted  is  aaually 
a  pretty  rapid  dropping ;  hot  if  a  low  arterial  pressure  is  desired  the 
stop-cock,  2%  is  opened  wider ;  if  a  higher  it  is  more  dosed.  Even 
a  slow  dropping  keeps  the  heart  well  alive  ibr  a  long  time;  if 
signs  of  feebleness  come  on^  all  that  is  needed  is  to  open  the  stop- 
cock wide  for  a  few  seconds  and  thoroughly  renew  the  blood  in  the 
heart. 

Arterial  pressure  and  the  pulse  curves  are  obtained  from  the 

mercurial  manometer  26.  This,  by  means  of  oonnectinf^  tubes, 
filled  with  ftu<lic  rarbonute  solution  in  the  usual  mauner,  is  attachedi 
to  the  cannula  x  in  the  left  sul>clavian. 

All  the  connections  having  been  made  the  front  is  replaced  on 
the  chamber  and  henceforth  the  heart  beats  on  in  it  without  dis- 
turbance, exce|)t  !is  from  time  to  time  a  small  door  is  oi>ened  to 
change  the  receptacle  24,  or  take  out  blood  to  refdl  one  of  the 
Alarriott's  lluiska  and  change  the  one  connected  with  tiie  heart  by 
opening  or  closing  the  clamps  1  or  2,  or  note  the  temperature  of 
the  thernH)met<'r  a. 

The  description  of  the  various  connections  to  be  made  after  the 
animal  is  placed  in  the  chamber  take:^  some  time,  but  the  whole 
thing  is  done  in  two  or  three  miuutes.  While  the  front  of  the 
chamber  is  out  the  air  in  it  cools  considerably,  but  the  blood,  of 
course  much  less  on  account  of  its  higli  sp(  cilic  heat,  and  in  a  very 
few  minutes,  while  one  waits  for  the  heart  to  get  uniform  and.  to 
be  sure  that  brain  and  spinal  cord  are  dead,  all  inside  is  again  at  a 
uniform  temi>erature  and  a  series  of  observations  can  be  com- 
menced. Before  commencing  these  I  always  wait  until  all  signs  of 
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reflex  excitability  arci  lost  and  (he  muscles  begin  to  exhibit  rii^or; 
this  occurs  at  lat«  st  in  half  an  hour  after  ligatiirinyr  the  various 
arteries.  Sometimes  Traube's  curvoj  are  seen  for  a  lew  minutes 
after  tiic  auimai  is  placed  in  position,  .shewing  that  the  medulla  is 
not  quite  dead ;  but  they  very  soon  pass  off  never  to  return, 
though  when  the  heart  begins  to  die  BometbiDg  simaiatiDg  them 
(to  which  I  will  return  later)  usually  occurs.. 

It  is,  I  think,  dear  that  by  this  phiu  of  work  the  stody  of  the 
physiology  of  the  mammaliaa  heart  is  made  possible  tr>  an  extent 
never  before  attainable ;  I  have  now  made  a  considerable  number 
of  obeervationa  which  shew  that  for  at  least  four  hours  and  often 
for  considenibly  longer,  great  regularity  and  power  in  the  heart's 
beat  can  be  maintained.  I  give  below  in  tabular  form  the  encoes- 
Btve  observations  as  to  pressure  in  the  subdavian  and  pulse  rate 
made  In  two  experiments^  which  shew  the  perfect  availability  of  the 
method.  To  investigate  the  direct  action  of  any  drug  on  the  heart 
one  would  have  only  to  inject  it  by  a  hypodermic  syringe  into  the 
cardiac  end  of  the  tube  t,  as  in  the  usual  manner  of  injecting  curari 
into  a  vein.  Wy  altering  tlie  tempenitnre  of  tlie  chamber  one  can 
readily  study  the  effect  of  various  tcmpci  at  m cs  on  the  pulse  rate, 
arterial  pressure  being  kept  at  a  given  level  uhile  the  tracings  (at 
intervals  of  five  or  ten  minutes)  are  being  taken,  by  altering  tiie 
outflow  through  the  stopcock,  if  necessary;  between  the  readings 
a  uniibrm  flow  is  kept  up  irrespective  of  arterial  pressure.  By 
keeping  the  temperature  constant  and  altering  the  stopcock  the 
direct  influence  of  various  arterial  pressures  on  tlie  pulse  rate  can 
be  readily  studied.  On  these  two  latter  points  I  have  already 
made  a  number  of  interesting  observations,  which  are  not,  how- 
ever^ yet  quite  ready  for  publication.  The  chemical  products  of 
muscular  work  apart  from  those  eliminated  by  the  lungs  must  also 
accumulate  in  the  blood  which  has  floli^ed  round  and  round  the 
beating  heart  fi>r  hours,  and  probably  can  there  be  examined  better 
than  in  any  other  organ  at  present  at  our  disposal.  It  seems 
also  to  me  practicable  to  unite  a  given  organ^  say  kidney  or  liver, 
with  the  heart  and  keep  it  alive  for  study,  but  this  I  have  not  yet 
tried.  At  any  rate  it  is  dear  that  a  large  field  for  investigation  of 
various  points  of  great  interest  is  made  available  for  study  uuder 
much  more  iavorable  cii  c a  instances  than  hitherto. 

"When  the  heart  begins  to  die  the  first  symptom  is  an  irregular 
rhythm  which  can  not  be  removed  by  tree  irrigation  waii  the  blood 
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in  the  rc&crvoirf?.  AVhether  this  is  immediately  due  to  c}i;aitic.>  ta 
the  heart  itself,  or  to  the  coiibuiuption  of  food  materials  in  the 
stock  of  blood,  or  to  tlie  accumulation  in  it  of  waates  usually 
remove <]  by  the  kidneys  or  otiicr  orirans  I  cannot  at  prei»ent  state. 
AV  hether  it  be  due  to  liie  tirst  »>t  tiie  above  cau?ies  could  readily  be 
decided  by  takini;  au  entirely  fre.-h  stock  of  dehbrinattHl  blood. 
The  irregularity  manifests  itself  by  a  large  beat  followed  by  three 
or  four  smaller  ones,  and  so  on  fur  more  than  an  hour.  Then  tlie 
6mali  beats  become  feebler  and  feebler,  and,  arterial  pressure  being 
consequently  very  low,  the  pulse  due  to  the  more  powerful  beat 
very  conspicuoas.  Finally  the  large  beats  alone  remain,  and  they 
gradually  become  less  and  less  until  they  disappear.  In  its  earlier 
stages  the  phenomenon  has  an  interesting  resemblance  to  the  sec- 
ondary rhythm  observed  in  the  frog's  heart  under  certain  circum- 
stances; it  is  what  I  referred  to  above  in  stating  that  late  in  the 
experiment  something  simulating  Traube's  carves  is  often  seen. 

For  the  guidance  of  those  who  may  repeat  the  experiment,  I 
may  add  that  the  thing  most  to  be  avoideil  is  sending  blood  into 
the  superior  cava  too  fast  or  under  too  high  a  pressure;  this  is  far 
inure  fatal  than  considerable  cooling  or  delay. 

The  {ollduing  tables  trive  the  results  of  two  experiments.  In 
each  ca-c  the  number  indicated  in  tlie  iu>lumn  lieade<l  "pressure" 
is  tlic  jn"('.->>urc  in  millinid res  of  mercury  indiaitetl  by  the  maiio- 
meier  cunncctr<l  with  the  lett  su]»clavian  artcrv.  The  nuinb'-'rs  in 
the  column  iieaded  pulse  "  give  tlie  nurnher  of  lieart  beats  ])er 
minute.  Temperatures,  when  given,  (Table  11.)  are  not  accurately 
those  of  the  heart  or  blood,  but  those  of  the  chamber  in  which  the 
heart  lav.  The  intro<luetion  of  a  thermometer  into  the  innomi^ 
rau  trunk  is  one  which  1  have  only  used  in  later  experiments  on 
the  inBuence  of  temperature  changes  on  the  pulse  rate,  when  an 
accurate  knowledge  of  temperature  was  essential ;  in  the  experi- 
'  ments  given  here  tlie  point  I  had  in  view  was  merely  to  determine 
whether  an  isolated  heart  could  be  kept  alive  long  enough  for 
study ;  and  accuracy  as  regards  temperature  readings  within  a  de- 
gree or  two  was  not  essential. 

Table  I  records  the  first  experiment,  which  showed  me  that  the 
end  I  had  in  view  was  really  attainable,  and  is  given  partly,  per- 
}ia])s,  because  I  have  a  special  interest  in  it  on  that  account,  but 
chiefly  because  it  illnstratcs  how  well  the  heart  will  live  under 
very  rough  cj^periuieijUil  eoiiditions.    At  the  time  when  ii  was 
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made  I  had  not  arrangod  any  warm  chaml)er,  and  the  heart  was 
simply  warmed  in  the  roughest  manner  by  inverting  a  tin  {laa 
over  the  bodv  nf  the  and  j>uitiii^  a  Biineen's  biirner  under 
tluH;  with  .-onit'  wet  cloths  to  ki^ep  tlie  aUnosphere  moist.  From 
titiie  t<»  time,  tlie  ^as  was  turned  down  or  up  a>  i  thought  the 
tenj|>erature  round  the  lieart  was  tno  high  or  too  low,  but  no  ther- 
mometer readinti^s  were  takrn,  and  th«'  temperature  no  doubt  varied 
very  nuu  h  in  tlie  course  ot  tli<'  experiment.  At  this  time  also  the 
use  of  the  Marriott's  flasks  liad  not  been  thought  of:  Irom  time  to 
time,  as  the  heart  seemed  weakening,  fifty  cubic  centimetres  of 
whipped  blood  were  run  in  by  the  veoa  cava  and  aa  approximately 
equal  bulk  removed  through  the  carotid.  The  numbers  given 
therefore  as  to  pulse  rate  and  arterial  pressure  liave  little  or  no 
vsloe;  and  the  whole  experiment  simply  serves  to  show  with  what 
rode  appliances  the  isolated  lieart  can  be  kept  at  work  for  a  long 
time  when  the  coronary  circulation  is  maintained. 

Table  I. 


EzpiBiiUNT  or  Awl  1,  1881. 


Time.  V.  31. 

Tressure. 

Beninrks. 

1  b.  35'. 

Finislied  tying  up  all  the  vessels 
but  those  of  the  pulmonary 
and  coroaarj  circuits. 

1  h.  40^ 

68 

96 

2  h.  20'. 

U 

87 

2  h  22'. 

Fresh  hlood  ran  in. 

2  n.  23'. 

90 

104 

2  h.  30'. 

93 

102 

2  h.  87'. 

118 

96 

3  h.  40'. 

80 

93 

2  h.  50'. 

96 

100 

a  h.  04'. 

60 

100 

Fresh  blood  ran  in  at  3  h.  3'. 

3  h.  21'. 

8n 

9r) 

3  h.  28'. 

1U4 

42 

Cold  blood  run  in  at  3  h.  27'. 

8  h.  50'. 

38 

96 

3h.  51'. 

Fresh  warm  blood  ran  through. 

3  h.  52'. 

92 

112 

4  h.  0(>'. 

41 

88 

4  b.  13'. 

25 

80 

4  b.  15'. 

Fresh  warm  blood  run  through. 

4  b.  16'. 

92 

86 

15 
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Table  L — Continued, 


Time.  P.  M. 

PulM. 

RexDnrka. 

4  h.  29'. 

Fresh  warm  bluud  ruu  tUruu^h. 

4  h.  80'. 

98 

79 

4  h.  39'. 

Fresh  warm  blood  run  tbroogb. 

4  h.  40'. 

90 

88 

4  h.  47'. 

56 

88 

4  h.  59'. 

Fresh  warm  blood  run  through. 

5  h.  00'. 

76 

86 

5  h.  09'. 

43 

96 

5  b.  10'. 

Fresb  bidod  taken  from  another 

doc:  and  not  usid  before  in 
tilt'  course  of  this  experiiueut. 

5h.  18'. 

run  through. 

140 

88 

5  h.  88'. 

58 

78 

5  h.  2G'. 

Fi«8h  blood. 

5  h.  29'. 

116 

83 

5  h.  33'. 

52 

76 

5  h.  35'. 

P'resh  blood. 

&  b.  40'. 

60 

88 

5  b.  44'. 

Fresb  blood. 

5  h.  45'. 

102 

Chronograph  pen  out  of  order, 
eo  the  palse  rate  canaot  be 

5  h.  48'. 

given. 

76 

5  h.  53'. 

Fresb  blood. 

5  h.  55'. 

92 

92 

6  h.  00'. 

37 

88 

6  h.  02'. 

Fresh  blood. 

6  h.  03'. 

61 

98 

6  b.  11'. 

Fresb  blood. 

6  h.  14'. 

88 

92 

6  h.  20'. 

42 

88 

6  h.  22'. 

Fresh  blood  run  in;  none  drawo 

6  h.  24'. 

118 

98 

6  b.  30'. 

32 

97 

6  h  Sf)'. 

84 

96 

6  b.  3e'. 

Fresh  blood  ran  in;  none  drawn 
off. 

6  h.  38'. 

118 

100 

6  h.  41'. 

88 

84 

The  beat  immediately  after- 
wards became  very  irree^ular, 
and  ceased  finally  at  7  b  10'. 
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The  above  experiment,  as  already  stated,  justifies  no  conclusions 
except  tliat  an  isolated  mammalian  heart  am  be  kept  beating  for 
jievcral  liours.  It,  howcvt-r,  suggests  (and  tial>scH|n(Mii  experiments, 
wiiicli  I  hope  shortly  to  pul^lish,  confirm)  that  ihe  pulse  rate  of 
the  isolated  lieart  is  very  indepeudeut  of  arterial  pressure,  though, 
a.«  IK)  accurate  temperature  observatiuns  w<*r<»  made  in  this  cabOy 
the  experiment  by  itself  is  uot  worth  much  lu  that  respect. 

Table  IL 
ExpiBiMBifT  OF  Mat  26,  1881. 


Tomp.  in 
degrees  C 

sure. 

1  li.  . 

2  h.  05^ 

2  h.  15'. 

n 

2  Ik  45'. 

72 

92 

3  h.  dO'. 

99^ 

8fi 

118 

3  h.  15'. 

98° 

87 

118 

'6  ii.  65'. 

99° 

90 

120 

4  b.  15'. 

91 

120 

4  h.  S5'. 

100° 

87 

118 

4  h.  50'. 

100° 

8r> 

120 

5  h.  10'. 

100° 

117 

6  h.  45'. 

100° 

64 

117 

6  h.  DO'. 

100° 

60 

118 

6  h.  15'. 

99° 

56 

lit 

NotM. 


All  vesseln  tied  bat  thusu  of 
the  coronary  aod  pulmonary 
circaits.  Then  150  c.  c  of 
warm  whipped  blood  sent 
throug'h  the  heart  in  order 
to  wash  out  thu  bluud  ,aU 
rcudj  ill  it  and  in  the  luugs. 

Animal  removed  to  warm  cham* 
ber  aod  the  irrigation  started 
from  the  Marriott's  flaska  and 
maintainod  thenceforth. 

Pulse  rate  not  kii<)\vn,  as  the 
chronograph  was  not  work- 
ing. 


Arterial  pressure  now  began 

to  fall  markedly,  and  while 
n  rr(  >h  supply  of  blood  was 
Lei II l;-  obtained  from  nnothfT 
dog  (that  in  use  having  al- 
ready circulated  round  the 
heart  many  times,  and  being 
presumably  fbll  of  wastes) 
tiio  or^an  ceased  to  beat  at 
6  h.  45'. 
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The  experiraent  described  in  Table  TI  was  made  in  the  warm 
chanibiT  described  in  the  preecding  ])a<:('s  and  with  the  Marriott's 
flasks,  L^iviiig  a  unilbrm  iustead  of  the  iotennittont  supply  of"  fresh 
blood  used  in  the  experiment  of  Table  I.  It  is  one  of  a  number 
which  all  siiew  the  great  reg;ularity  which  can  bo  obtaineti  for 
mnw  hours  in  the  heart's  work  umler  su<-h  eir(MiTn«^tanci'S ;  iiiid 
henee  the  possibility  of  readily  ol)servini2;  the  iniluence  on  its 
activity  of  various  conditioDS  and  of  drugs:  in  other  words,  it 
indicates  tliat  the  separated  organ  is  in  a  fit  oondition  fur  physio- 
logical or  therapeaticai  experiment. 

Durini^  the  earlier  part  of  the  above  experiment  (from  2.15  to 
3.00  P.  M.)  the  chamber  and  its  contents  were  considerably  cooled 
in  consequence  of  one  of  the  Marriott's  flasks  being  out  of  order 
and  necessitating  the  keeping  open  of  the  doors,  for  its  repair. 
When  this  was  aooomplished,  we  find  for  the  subsequent  two  hours 
(3  h.  00'  to  4  h.  60')  a  very  remarkable  uniformity  in  the  heart's 
work.  Arterial  pressure  only  varies  between  86  and  91  mm.  of 
mercury,  and  the  pulse  rate  between  118  and  120  per  minute. 
Probably  under  no  ocodittons  would  a  heart  still  connected  physi- 
ologically with  the  rest  of  the  body  display  so  great  a  uniformity 
in  its  activity  for  so  long  a  time.  The  pulse,  it  will  be. seen,  still 
remained  very  regular  to  the  end  of  the  exp^ment,  althoagh 
arterial  pressure  fell;  this  again  illustrates  the  slight  influence 
exerted  by  aortic  pressure  upon  the  rhythm  of  the  isolated  heart. 
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THE  SECRETION  OF  THE  PEPSIN-FORMING 
GIiANDB  OF  TH£  f  BOO*  By  H£NKY  SEWALL, 
Ph.  D.»  AMoeiate  in  Biology,  Johns  ffopHnM  UniverwUy, 

It  bos  been  shown ,  diieflj  Uirovgh  the  kbon  of  Langley,  that 
the  cBsophageal  glaods  of  the  frog  undergo  in  dtgeBtlon  marked 
histological  diangea.  When  the  animal  in  healthy  condition  has 
'  ftstod  several  days^  the  onophageal  glands  are  fnll  of  line  granules 
ihrougfaotit)  and  no  bonndaiy  lines  between  the  cells  can  be  made 
oat  in  the  fresh  gland.  Examined  two  or  three  horns  after  fiaed- 
ing  the  glands  are  found  to  be  void  of  granules  on  th«r  outer 
borders^  the  hyaline  matrix  alone  remaining;  this  process  may 
extend  nntil  all  the  granules  have  disappeared  excej)t  a  larger  or 
smaller  p:roup  collected  round  the  jrlaml  1  union.  The  return  to 
the  noruial  resting  ap])carance  occurs  usually  one  to  two  days  alter 
light  feeding.  These  changes  are  in  certain  bpecici^,  as  in  iu  iem- 
porana,  so  well  marked  that  I  thought  it  advantageous  to  use 
them  n<  ;i  siori  of  the  secretor\'  activity  of  the  cpsophageal  or  pep- 
sin-l'orming  glands,  when  tliese  were  excited  by  the  ah.S(>rption  of 
ditlerent  I'ood  materials  Irom  otlier  than  the  usual  surfaees.  It 
was  thought  that  one  might  thus  get  a  better  idea  of  the  conditions 
and  mechanism  of  secretion.  The  experiments  were  conducted  in 
the  cold  months,  from  February  to  May,  and  the  frogs  were  in 
large  part  taken  fresh  from  the  mod  in  which  they  had  buried 
themselves  for  the  winter.  The  great  changes  necessarily  taking 
place  in  the  animals  while  coming  into  a  more  active  condition,  no 
doubt  account  for  much  of  the  want  of  uniformity  which  vnis 
observed  in  the  behavior  of  many  of  the  specimens  examined. 
The  animals  chiefly  used  were  small  specimens  of  the  bull-frog, 
R,  mugkm.  Of  two  frogs  apparently  alike  it  sometimes  happened 
that  one  would  show  distinct  secretory  changes  in  the  cesophagcai 
glands  three  hours  after  feeding  on  meat  or  beef  fibrin,  while  the 
other  examined  at  the  same  time  preserved  the  hungering  appear- 
ance of  its  glands  unchanged,  but  tliis  was  exceptional. 

In  a  small  spotted  rrr)g,  R.  halecina^  the  diminution  ol  granules 
in  digestion,  if  it  occurs  at  all,  goes  on  very  slowly,    I  was  not 
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able  to  detect  a  di^appcaraTice  of  the  granules  in  this  froir  in  less 
than  twenty -lour  hours  alter  feeding,  thoiiixh  difrestion  had  fvi- 
dently  been  active  in  the  interval.  A  conclusion  may  be  state^l 
in  advance  tliat  secrctioji  apparently  involves  the  glands  sinniltn- 
neously  iu  two  ojiposite  activities,  a  breaking  down  and  a  buihling 
up,  and  it  is  the  ratio  of  the  vigor  of  these  changes  which  deter- 
mines the  histological  appearance  of  the  gland  at  any  time.  Nearly 
all  the  microscopic  ejcaini nations  were  made  ujjon  the  fresh  gland 
by  snipping  off  a  piece  of  the  mucous  membrane  of  the  oesophagDS 
artt]  rnouDtiog  quiokly  in  iodized  amniotic  fluid  of  the  sheep. 

l^or  convenience  in  description  I  will  indicate  by  letters  the 
various  solutions  used  as  food  stimuli.  A  was  a  solution  obtained 
by  extracting  beef  muscle  with  0.6  per  cent.  KaCI.  B  was  a  con- 
oentrated  oommeRuai  ''peptone/^  said  to  be  the  prodnct  of  the 
peptic  digestion  of  beef  muscle;  this  was  dilated  five  to  ten  times 
before  use;  it  contained  probably  the  flesh  extractives"  as  well 
as  peptone.  C  was  a  concentrated  solotion  obtained  hj  boiling 
dog's  muscle  in  water.  D  was  a  strong  watery  solution  of  pep- 
tone, made  in  the  laboratory  by  the  peptic  digestion  of  fibrin. 
E  was  0.5  per  cent.  KaOl. 

In  all  cases  comparative  examinations  were  made  of  similar 
frogs  unmolested  and  cixperimented  upon. 

The  fluids  mentioned  were  injecteil  in  quantities  usually  of  1  to 
2  c.  c,  either  into  the  rectum  or  under  the  skin. 

W  lien  the  injection  was  into  the  rectum  the  lluid  was  usually 
allowed  to  flow  from  a  pipette  inserted  into  the  anus;  n  safer  way 
was  subsequently  fountl  in  g€»ntly  tyuig  tlie  I'rog  in  a  prone  posi- 
tion and  allowing  the  solutiou  to  run  from  a  burette  through  a 
cannula  into  the  rectum.  There  was  no  evidence  in  any  case  of 
fluid  having  reached  the  stomach.  The  bladder  and  rectum  only 
appeared  to  be  filled. 

1 .  IftjecUon  into  tlie  rectum. 

Injection  of  both  A  and  £  into  the  rectum  caused  in  the  hnngry 
frog  marked  disappearance  of  granules  from  the  cssophageal  glands. 
The  evidence  as  to  (7  was  not  satisfactory.  JB  appe^ed  also  to 
have  a  distinct  efiect  It  is  to  be  remarked  that  the  disappearance 
of  granules  begins  very  quickly  after  the  injection,  the  })rooea8  is 
rapid  and  recovery  to  the  original  condition  of  full  granulation  is 
speedy,  except  in  the  case  of  injection  with  NaCl.  The  diminu- 
tion of  granules  is  marked  twenty  minutes  after  injection,  and  in 
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%  to  eighty  minates  the  glands  have  again  become  granolar 
tbroogbout. 

The  stomach  of  a  frog  which  has  hungered  several  days  con- 
tains generally  very  little  niucous  fluid,  which  is  usually  acid. 
TheBtomjvch  wall  itself  appears  to  be  always  acid.  In  the  expe- 
riments described  above  iliere  was  no  conFidtrahle  increase  in 
atomach  contents  acconipaiiyijjg  the  liLstulogical  change  of 
the  asophagus.  And  it  may  be  said  here  that  I  have'  been  able 
toiiiscovcr  iio  relation  benvct  ii  tlie  amount  lluid  secreted  into 
the  stomach  diirint:;  auy  period  and  the  histological  appearance  of 
tile  u&opliageal  ^rlandi  at  that  time. 

2.  Injerlion  into  (lie  fioi'sal  lymph  sac. 

There  wn^  iV)und  no  distinct  evidence  of  a  diminution  of  gran- 
ules following  a  hypodermic  injection  of  the  fluids  enumerated 
above.  On  the  contrary,  the  injection  of  B  was  almost  always 
euccoeded  by  an  accumulation  of  granules  in  the  glands,  even 
ssder  conditions,  as  in  active  digestion,  in  which  a  diminution  of 
gisoales  was  to  have  been  expected.  Such  an  injection  apparently 
accflerates  and  intensifies  the  normal  digestion. 

3.  The  rdaiion  bdwun  Uie  injeoUon  into  the  lymph  sac  and  (he 
(oumt  of  seeretkn  found  in  the  etoma^. 

When  O  was  injected  under  the  skin  of  a  fasting  frog,  the 
stomach  was  found  at  the  end  of  one  to  two  hours  veiy  much 
disteadedy  with  a  rather  thin,  neutral  or  slightly  acid,  mucous  fluid. 
The  Game  result  to  somewhat  less  extent  followed  the  use  of  D. 
This  efieot  from  B  was  particularly  marked  where  the  frog  had 
been  previously  fed.  The  results  from  A  were  in  the  same  direc- 
tion but  less  noticeable,  and  no  such  effect  followed  the  use  of 
Ko  experiments  were  made  to  determine  the  digestive  value  of 
this  sOLTCtiun.  It  apjicircd  to  increa-^c  in  qnantity  for  a  period 
cousiderahly  longer  than  that  rKjuiicd  hy  the  artificially  iwcitcd 
plands  to  recover  their  resting  apjtearance.  The  causes  lliat  pro- 
iluue  the  secretion  hcem  rather  to  increase  thau  diminish  the 
granulpg  of  the  glands. 

Ar-  to  wiiat  are  the  steps  in  the  recovery  of  gmnn!<s  by  the 
glnndb  afier  their  disappcai-ance  in  (liLrt  Mion,  Tlothill^  d.ci-ive  (  an 
be  said.    There  was  one  well  mnrked  hi^i(»!ngiciil  character  widch 
distinguished  the  glands  of  certain  irogs,  the  meauiug  of  which 
well  worth  investigation. 
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This  pccuHaritv  was  ihe  presence  of  very  large  well  defined 
masses  in  the  upland  cells,  usually  in  their  outer  part.  These 
ina£»es  were  stronL^ly  .sii^r^estive  of  some  of  the  forma  of  lymph 
corpuscles  wliioU  nr^  miincrous  in  the  vvall  of  the  (esophagus. 
They  have  much  the  n'fhu^tive  charaeters  of  the  fat  or  of  fresh 
tat  cells,  Soinetiim's  ihcy  exist  as  clumps  of  highly  retraciiie 
grunules,  and  it  is  clear  that  their  subataooe  exists  in  very  diHereut 
states  of  division  in  the  glands. 

These  bodies  stain  black  with  oemic  acid.  They  are  dimlved 
by  ether.  This  reagent  dissolves  out  also  all  of  the  crfJinales  from 
the  oesophageal  glands,  leaving  behind  only  a  clear  gland  substance 
with  the  cell  nuclei  imbedded  therein.  It  may  be  observed  that  it 
is  unsafe  to  draw  condusions  from  the  appearanoe  of  speeimena 
preserved  in  balsam,  for  the  preliminary  treatment  with  the 
clearing  fluid  dissolvea  out  many  of  the  finer  granules  previously 
present  In  the  cells. 

The  granule  masses  referred  to  wera  by  far  moat  numerous  in 
glands  which^  there  was  reason  to  think,  were  being  actively 
regenerated  as  to  their  granules;  that  is  afler  a  long  period  of 
normal  digestion  or  in  the  case  of  the  injection  of  a  food  solution, 
as  />,  (luriiii;  normal  digestion.  The  reactions  indicate  that  they 
are  of  laLty  nature. 

General  conclusions: 

The  general  coociusions  toward  which  these  results  lead  are  that 
tlic  secrctciiy  chancres  in  the  <^!ands  of  the  n'suphacrn:^  nre  started 
by  the  mere  absorption  of  mailer  Irom  the  alimentary  canal  but 
that  the  regeneration  of  the  glands  depends  upon  the  f»resenoe  of 
new  matter  in  the  blood  itself. 

The  presence  of  foreign  matter  in  the  1 !  o  l  may  oause  an  ex- 
tensive secretion  into  the  stomach  and  if  in  this  case  tlie  secretion 
comes  from  the  oesophageal  glands  these  are  rebuilt  quite  as  ^t 
as  they  are  broken  down.  It  is  probable  that  the  secretory  process 
is  initiated  by  stimuli  in  the  alimentary  canal  but  is  chiefly  carried 
out  by  the  influence  of  substances  newly  absorbed  into  the  blood. 

The  secretion  of  the  acid  of  the  gastric  juioe  seems  to  be  due  to 
the  presence  of  food  matter  resting  in  and  absorbed  by  the  stomach 
itself.  The  results  obtained  from  these  experiments  give  general 
support  to  Schiff's  views  coocerning  pcptogenic  substances. 
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DuBiKG  the  two  seasons  which  we  have  spent  at  Beaufort  the 
members  of  our  party  have  derived  great  benefit  from  the  lists  of 
the  Vertebrate  and  Invertebrate  fauna  of  Fort  Macon,  by  Drs* 
Yarrow  and  Cooes,  which  were  published  by  the  Philadelphia 
Academy  of  Sciences  in  1871.  We  have  been  able  to  make 
many  additions  to  these  lists^  especially  in  the  various  groups- 
of  xnviertebrates,  and  as  the  authm  made  no  attempt  to  collect  or 
identify  the  medusae  of  these  waters  I  have  drawn  up  the  foUowing^ 
list  of  Acalephs  and  Ctenophorae,  from  the  notes  which  1  iiiade 
during  the  summers  of  1880  and  l68l, 

McCrady  and  L.  Agassi z  have  studied  the  medusfe  of  South 
Carolina,  and  I  give,  for  convenience  of  reference,  a  list,  conipilcd 
from  these  authors  by  A.  Agassiz  (N.  A.  Acalepiis),  of  the  tbrras 
which  occur  at  Charlestoo,  for  comparison  with  my  own  list  of 
Beaufort  species. 

Aoalephs  of  Cbarleaton,  S.  O.        Acalephs  CoUected  at  Beaufort  dvirinc 
(Fram  A.  AgaMlz*  Jf»  A.  Acut^ht,  pp.  223-4.}       tbe  SomiiMM  of  1880  and  1881* 

BoLcna  littoralia,  McCr. 

Mnemiop»i»  OoreUni,  Ag.  Mnemiopsis  Oardeni,  Ag. 


JtfMemtctpfit  Leidyit  A.  Ag. 


Beroe  punctata.  Each. 
Idyiopsia  darkii,  Ag. 


Idyiopsis  Clarfcii,  Ag, 
(1.)  Sfrim>J<i/~Jnts  mrfrnrjrin. 
(2.)  DactyLumetra  quinquecirraf  Ag. 


C^aiMa  verticolor,  Ag. 
FB»0oia  ^^eimarWf  A.  Ag. 


(8.)  Foveola  odonatia,  A.  Ag. 
(4.)  (hmina  diaeotdea^  Fewkea. 


(6.)  Cheiropatdamua  ^uadrwmmuBfV. 


M 11  Her. 


(6.)  Tamuya  hupionema,  F.  MiiUer. 


Perm  ineolorafa,  McCr. 
Idticpa  aeutigerOf  UoOr, 


Oceania  folliata^  Ag. 
£it«Acttota  WfdncuUuria^  McCr. 


(7.)  Perm  incolorata^  McCr. 
(8.)  lAriopa  acutigera,  McCr. 
(8.)  Liriope  aeuUgan^  A.  Ag; 

(n.)  Oreania /oil lata,  Ag. 


(10.)  Eurhrilnin  vfufririilnrig^  McCr. 


(11,)  Dipleuron  parvurn,  sp.  nv. 
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Ptatypyma  eytindrieOf  Ag, 
J&ieope  diMtriet^tOf  A.  Ag. 

Obelia  commisuralisj  McCr. 
Eirene  yibbosaf  Ag. 
EuHmtt  mtro,  McOr. 

EtUima  rnriahUts^  McCr. 
Aglaophenia  iricttipis^  Ag* 
Aglaophenia  trtjida, 

PlmMdaria  qutubidenB,  McOr. 
Fliumularia  {(htharino'like),  McOr. 
Djfnamma  cortUdna,  McOr, 

Diphcuia  (nigra-iike),  Ag. 
MargelU  Carolinen»i»f  Ag. 
Ifemoprif  BaeMt  Ag. 
Eud«ndrUimrtuno$umf  MoOr. 
Ihirriiopsu  nutriculn,  McCr. 
S(omaiofa  ftpacata,  McOr. 
WiUia  ornata,  McCr. 
Dipurina  cervicaia^  McCr. 
Dipwrina  atrantgulatai  McOr* 
CoryneH*  AgaBnziif  McCr. 
Ommaria  ffemmoaa.  McCr. 
Pgrmaria  tiarcUuf  McCr. 

Eeiopleura  turrieula,  Ag. 

Farypha  crtiftite,  Ag. 

Hydraetinia  polyclina,  Ag. 
Kttdnxia  aluia,  McCr. 
Diphytsf  jiUsUia,  McCr. 
Ph^taUa  wrethuta.  Til. 
VUella  muHea^  Bose. 
PorpUa  IttmioiMi,  licss. 


(9.)  CnnpafMitaHa  nol{firtiu$t  McCr. 

(12.)  Encfypa  ohUrpin,  sp.  nv. 

Obelta  commiitHrnlis^  McCr. 

Eircne  gibbosa,  Ag. 

EmUum  ndt^  McOr. 
(18.)  BnUma  enaiUUa,  ip.  bt. 
(14.)  EfOiima  emargmaia,  tp.  ht. 


(15.)  Nematopharuaf  tp.  av. 


(16.)  X>ynam«na  bUattertUitf  sp. 

(17.)  Margelia  GtroZmerMU,  Ag. 
(18.)  A^nnegMu  Ag. 

Eudendrimm  ramomtHf  lAcOr* 
(19.)  Turritopais  nutrHcula,  McCr. 
(20.)  Sfjimaforn  apacnta^  MoCr* 
(21.)  WiUia  ornata^  McCr. 

Dipurina  <lr«nyiitofa,  MoOr. 
Gwynelir  4^aaa«Mt,  Mc(3r. 

Pennaria  tiareVn.  MV  Cr. 
(22.)  Ptnnnria  inomaia,  sp.  nv. 

Eeioplmra  oekraeeot  A.  Ag. 
Pay^Aa  «rMteto,  Ag. 

(28.)  Steensimpta  gracilis^  sp.  HT. 
(24.)  JTi/dracdtiia  poll/clinaf  Ag. 

Enito.nn  nOrta,  McCr. 

Diphyta  puaiLLa^  McCr. 

PhftaHa,  oretkMKf  TiL 

Pttrpiia  fmniana,  Less. 
JVanomia  core,  A.  Ag. 


(1.)  Slomolophua  meleagriSf  Ag. 

We  found  do  living  speoimens  of  this  species  in  1880,  althongh 
the  remains  of  two  or  three  were  found  on  the  sand  bars  at  low 
tide,  early  in  June. 

In  Jnne,  1881,  living  specimens  were  extremely  abundant  both 
outside  the  bar  and  in  the  sounds. 
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They  ix)uld  he  po^n  floating  or  swimming  at  the  surface  on  all 
H(U's  of  the  boat,  and  although  they  were  so  shy  that  they  «unk: 
wiien  approached;  they  were  so  abundant  that  we  easily  captured 
all  we  could  carry  home.  Those  which  we  eecured  were  from 
f(Mir  iDclies  to  twelve  inches  aoroes  the  opening  of  the  ambreliay 
although  larger  apedmeiia  were  seeo. 

Later  in  the  season  thej  were  less  abandant,  but  we  found 
flpecimens  occasionally  through  June,  Julj  and  August. 

The  fact  that  such  a  large  and  oonspicupus  species  should  be  so 
abundant  one  year  and  almost  absent  another  year  shows  the  im* 
possibility  of  thoroughly  studying  the  fiiuna  of  our  coast  without 
permanent  marine  stations* 

(2.)  Dadylometra  quinquecirraj  Ag. 

This  medusa  is  found  in  abundance  all  through  the  summer  in 
the  lower  part  of  the  Chesapeake  Bay.  We  never  found  it  inside 
the  inlet  at  Beaufort,  although  we  occasionally  found  it  just  outside 
the  bar,  and  early  in  September,  1880,  it  was  common. 

The  southern  form  swims  at  the  surface  at  all  hours  of  the  day 
and  night,  and  as  it  differs  from  A«  Agassiz'  description  in  several 
slight  particulars,  it  is  probably  a  well  marked  southern  variety. 

(3.)  Foveola  oclonaria,  A.  Ag. 

Bather  abundant  in  June  and  early  July.  Although  TwrriioptU 
mdrimt^  is  our  most  common  medusa,  we  never  found  the  young 
Cunina  in  its  bell. 

(4.)  Omina  duooidee,  Fewkes. 

In  August,  1880,  T  procured  a  siuglc  mutilated  specimen  which 
is  very  similar  in  general  form  to  Fewkes  figure  of  Cunina  dis- 
coideSj  although  it  has  but  twelve  tentacles,  and  eight  sense  organs, 

(5.)         ChairopaaiamuB  guacb'wnanus,  F.  Muiler.  . 

Tfab  interesting  medusa  will  probably  be  found  to  be  by  no 
means  rare  along  our  coast,  although  it  is  seldom  found  at  the 

surlace. 

McCrady  has  found  one  specimen  at  Charlestou,  aud  oue  at 
Port  EoyaL 
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In  July,  1880,  we  found  a  iaw  specimens  on  the  sand  bars  at 
low  tide,  Aiul  throu<j::hout  July,  August  and  September  we  pot 
specimens  in  fr()ni  three  to  eight  fathoms  outside  the  bar,  on  sandy 
bottom.  The  specimens  were  taken  from  the  bottom  with  tlie 
trawl,  and  we  found  none  at  the  surface,  althoutili  those  which  we 
kept  in  aquaria  in  the  house  swam  near  the  surface.  The^  were 
from  one  inch  to  live  ioobes  across  the  umbrella. 

(6.)  Tamwya  hapUmmat  Fr.  MfiUer. 

In  July,  1880,  a  fisherman  brought  me  a  single  living  lemale  of 
this  species.    We  found  no  others. 

(7.)  Pcrsa  woohnUa^  MoCr. 

Found  otcasioiuilly  at  niglit,  swimmins;  at  the  surface,  from 
June  2ith  to  An<jn<t  8th.  It  is  a  very  delieate  sp'-cif-s  liut  many 
of  our  specimen-  were  perfect  and  healthy.  We  touiid  twcnlv  or 
thirty  in  all.  It  in  one  of  our  most  rare  medusic.  MeCrady 
found  four  specimens,  and  Haeckel  has  found  other  species  of  the 
genusy  but  it  seems  to  have  entirely  escaped  other  observen. 

(8.)  lAriope  wuiigera,  MoCr. 

McOrady's  Lirwpe  sciUigera  is  one  of  the  most  common  mod  used 
at  Beaufort,  and  as  we  found  s|)ecimens  at  all  stages  of  growth,  we 
were  able  to  trace  the  whole  of  the  interesting  metamorphosis,  and 
to  decide  that  it  is  not  the  same  as  X.  sculigera,  A.  Ag.  A  single 
specimen  ^hich  seemed  to  belong  to  the  latter  speciesi  was  found 
in  July^  1880. 

(9.)  Ooeania/oUiata,  Ag. 

We  were  able  to  trace  the  whole  life-history  of  this  abundant 
spceles,  and  to  settle  a  number  of  doubtful  points  coneerning  it. 

iiie  hydra — Cainpannhria  uoliforjuiM,  McCr. — is  very  like 
Agassis'  PldtypyxU  cyliadrioa,  but  may  be  distinguished  iruu  it 
by  several  constant  features. 

Tlie  upper  or  distal  end  of  tlie  reproductive  calyx,  is  truncated 
squarely  instead  of  ilaring,  and  the  outline  of  the  calyx  is  alike  in 
side  and  front  view. 
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The  fnur  or  five  medutite  which  It  contaiub  are  nearly  equal  in 
size,  and  titev  are  (li>charn;ed  in  (juick  Stt00e8ftioO|  the  last  eficapiog 
witfiin  a  few  minutes  ailer  the  tirst. 

The  medusa,  EpenthesU  folliata,  McCr.  is  very  similar  to  OvMinia 
btngmdOf  A.  Ag.,  bat  the  tentacles  and  otoojrsts  develop  as  A, 
Agassiz  describes  them  in  Qt/tia  bieophoray  Ag. 

The  difference  between  the  hydra  and  Platypyxis  cylindrica,  is 
80  sligbt  that  a  thorough  knowledge  of  the  liie  history  of  tbe  latter 
may  ahow  that  it  is  only  a  northero  variety;  but  there  can  be  no 
qaeatioa  as  to  the  apectfio  diatinctness  of  the  medusa  from  Oe&ama 

(10.)  EuioheiioUk  ventnoularU,  McCr. 

Mature  and  nearly  mature  mtduafiB  are  common  at  Beaufort, 
from  July  loth  to  the  end  uf  August,  but  the  yoiint^  ones  were 
i)H)rc  rare,  althou<;h  I  was  able  to  pet  a  liuiliciently  (•oinpielc  .series 
to  ahow  that  the  youuLT  medusa  found  at  Naushou^  by  Alex. 
Agassbs,  uuduubtedly  beiuugs  to  this  species. 

(11.)  JHpleunm,  novam  genas. 

Medusa  with  four  radiating  chyniiferous  tubes,  lour  radial  ten- 
tacles with  basal  cirri,  and  twelve  otocysts,  four  interradial  and 
eiglit  ou  the  bides  ul  ba^^es  of  radial  tentacles.  Kepruduetive  organs 
two,  nearly  spherical,  itn  two  opposite  ehyniiferons  tubes,  near  bell 
margin.  Stomach  short,  with  simple  mouth,  without  oi-al  tentacles. 

DipUitron  parvuM,  sp.  nv. 

Umbrella,  nearly  as  hip^li  m  wide  in  profile  view,  with  greatest 
transverse  diameter  about  half-way  uji,  where  lliere  is  a  distinct 
angle  in  the  outline.  Umbrella  of  uniform  thickness  from  top  to 
free  edge;  elliptical  when  seen  from  above  or  below,  with  major 
axis  nearly  twice  as  long  as  minor  axis.  Proboscis  a  little  enlarged 
at  the  circular  mouth ,  which  has  a  simple  edge.  Reproductive 
organs  spherical,  two  in  number,  on  two  opposite  radiating  tubes 
near  bell  margin,  with  a  large  central  chamber,  opening  into  radi- 
ating tube  by  a  long  narrow  vertical  slit. 

The  lour  radial  tentacles  are  usually  carried  with  their  tips 
turned  upwards.  Eaoh  tentacle  carrieB  at  its  baae  two  small 
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twisted  cirri,  and  cionsists  of  a  swollen  pip^mented  bulb  which 
passes  g^radually  into  a  loDg  slender  iilamcut,  which  is  ubuuil/ 
coiled  iu  a  loose  spiral. 

Otocysts  twelve  in  number,  of  two  kiuds  ;  four  lu  Lie  ones  half- 
way between  the  tentiules,  and  eight  suialler  one-s,  two  at  the 
base  ol'  each  tentacle,  ilach  otocyst  has  a  single  otolith,  and  the 
small  otocysts  are  sometimes  absent. 

The  largest  specimeDS  are  about  ^f,;^^  inch  in  longest  diameter. 

This  speoieB  is  oommon  at  fieauibrt,  from  June  5th  to  August 
8th,  and  aexoally  mature  specimens  of  both  sexes  ant  fiequentlj 
found. 

It  somewhat  resembles  A.  Agassus*  JBuekeUota  duodeemalia, 
(PMaUum  dodeea»emium,  Haeckel,)  except  that  the  reproductive 
otgans  are  always  two,  and  spherical. 

(12.)  Eueope  obliqyuiy  sp.  nv. 

Communities  from  half  to  two-thirds  of  an  inch  high,  Hy- 
drotheoa  slighUy  flaring  at  edge.  Knee  oblique,  lowest  on  side 
nearest  main  stem,  and  highest  on  outside.  I^em  with  from  five 
to  seven  annulations  above  each  fork.  Hydranths  colorless,  with 
aboat  tbirfy  tentacles  so  placed  that  their  tips  form  two  circlets. 

Beprodttotive  calydes  long,  nearly  cylindrical^  abruptly  trun- 
cated at  tip. 

Medus»  arranged  in  two  rows;  seven  or  eight  maturing  t  ogether. 

When  discharged  the  medusa  is  about  ^oVo  im  h  across  disc,  with 
two  otocysts  aud  six  or  seven  tentacles  iu  eaeli  qiuulrant. 

The  hydrie  were  frequently  found  on  floating  pieces  of  Sargas- 
siuT)  and  on  drift  wood.  The  number  of  tentacles  at  the  time  the 
medusa  €scap<^  from  tlic  <  aly(  le  is  qiiite  variable,  and  although 
twenty-four  seems  to  be  the  nurnuil  number,  I  did  not  find  a  sinirle 
specimen  with  exactly  twenty-tour.  Usually  three  of  the  quadrants 
had  six  each,  and  the  fourth  seven  or  sometimes  five. 

After  the  escape  of  the  medu8»  the  distal  half  of  the  calyde 
falls  off,  and  its  proximal  end  beoomes  converted  into  an  ordinary 
hydrotheca. 

(13.)  EvlUm  cucukUa,  sp.  nv. 

Umbrella  flat :  height  about  one-fourth  diameter.  Gelatinous 
sahrtaiice  veiy  thick  in  centre^  so  that  the  cavity  of  the  sab-nm- 
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brella  is  very  shallow^  and  makes  less  Ibaa  half  the  total  height  of 
bell. 

The  umbrella  diminishes  in  thickness  gradually  towards  the 
bell  margin,  where  it  forms  a  thin  edge*  FrolongatioD  into  pro- 
boscis oooioal  above,  prismatic  below,  more  than  twice  as  long  as 
height  of  umbrella.  Stomach  a  little  enlarged,  forming  aboat 
one-fiAh  of  total  length  of  proboscis,  with  ^ur  simple  lips*  .Four 
ndial  tentades,  very  long,  slender,  imperfectly  retraotile^  with,  very 
slight  basal  enlargements,  without  aooessory  drri.  Kine  or  ten 
slight  enlargements  of  circular  tube  in  each  quadnnt,  and  a  iew 
of  the  enlargements  have  aooessory  cirri.  Two  otocystSy  with  from 
three  to  eight  otoliths,  in  each  quadrant. 

Bcproduotive  organs  run  along  radiating  tubes  from  dronlar 
tube  to  conical  part  of  proboscis,  but  they  do  not  run  down  onto 
prismatic  portion. 

About  one  third  oi  au  iucli  in  diameter.  Stomach  and  tentacular 
bulbs  intense  green  by  reflected  light;  ectoderm  of  tentacular  bulbs 
sky-blue,  and  endoderm  brlt^ht  pink  by  transmitted  light. 

A  few  speciiiieus  were  luund  A1!o:'I^^t  7,  188U.  The  l);ises  of  the 
tentacles  are  covered  by  small  semicircular  flaps  or  hoods,  from  the 
gelatinous  substance  of  the  bell,  and  I  have  named  the  species  from 
these,  although  similar  hoods  are  found  iu  Euliina  mira,  McCr. 

The  species  may  readily  be  distinguished  by  its  very  flat  diso- 
like  umbrella,  and  by  the  great  length  of  the  tentacles.  When 
these  were  thrown  out  to  three  times  the  diameter  of  the  bell  they 
were  ftr  from  straight,  but  were  thrown  into  a  number  of  sharp 
angular  aig  xag  folds.  At  first  sight  this  species  might  seem 
to  belong  to  Haeckers  genus  MUmium.  Although  the  basal  cirri 
are  entirely  absent,  careful  examination  shows  that  the  marginal 
enlargements  and  drri  are  present,  but  very  small* 

(14.)  £kUma  margmaUif  sp.  nv. 

During  the  summer  we  occasionally  found  specimens  of  what 

seerns  to  be  another  new  species  of  Katimay  but  a  more  complete 
knowledge  of  its  life  history  may  iMJssibly  show  that  it  is  tlie  young 
of  a  described  species.    If  so  it  must  undergo  couBiderable  meta- 
morphosis. 
It  may  be  described  as  follows : 

Me<lusa  with  a  rather  low  bell,  one  third  as  high  as  wide,  with 
a  strongly  emarginated  rim.  Gastrostyle  about  three  times  as  long 


Digitized  by  Google 


14ft 


W,  K.  BS00K8. 


as  height  of  beUs,  prismatio^  with  fbar  promiDent  ridges  along  the 
ndiatiDg  tubes.  Stomach  no  wider  than,  and  about  one  third  as 
long  as  style,  with  fonr  simple  lips.  Radiating  tubes  enlarged  to 
form  four  fusiform  chambers  on  lower  end  of  style,  just  before  they 
join  stomach.  Four  ruiliaiing  tentacles,  tapering  gradually  from 
base  to  tip,  and  capable  of  almost  perfect  retractiou,  although  they 
are  never  extended  much  further  tlian  the  length  of  the  proboscis. 

Two  otocysts  wiili  tliree  ossicles  each,  in  each  quadrant.  From 
ten  to  twelve  enlargements  and  three  or  four  cirri  in  each  inter- 
ladiuB,  and  a  cirrus  on  each  side  of  base  of  each  radial  tentacle. 

The  rejirodiu  live  organs  were  not  observed. 

No  hoods  over  radial  tentacles. 

The  largest  specimeDa  were  about  one  third  of  an  inch  in 
diameter* 

(16.)  I^euiaiojjhoruSf  sp.  nv.  * 

On  August  18th^  1880,  we  took  with  the  tiawl  off  Fort  Macon, 
in  three  &thoms  of  water,  great  quantities  of  a  beaatifhl  feather^ 
like  hydroid  community,  the  stems  being  a  foot  or  more  in  height. 
They  were  all  torn  away  from  their  attachment,  but  there  was  no 
way  to  decide  whether  they  had  been  pulled  up  by  the  irawi  or 
were  drifting  specimens  from  a  distance. 

The  hydranths  were  alive,  but  they  soon  died  in  confinementy 
and  I  did  not  sec  any  in  an  expanded  state. 

At  the  base  of  each  pinna  there  is  one  of  the  romuled  perforated 
bodies  upon  which  Clarke  has  founded  the  (jchhs  Nernnfon/mrifs^ 
but  our  species  is  much  more  like  a  typical  Aglaophenia  than 
Clarke's  Acma^o/zAr  /  f/randiSf  and  I  cannot,  withont  specimens 
for  comparison,  state  positively  that  it  is  not  one  of  the  deiicribed 
speoies  of  Aglaophenia, 

(16.)  JJynamena  bilatteraiis,  sp.  nv. 

Stems  simple,  unbranded,  slightly  curved;  from  one-fourth  of  au 
inch  to  one  inch  high;  springing  from  a  crce])ing  hydrocaulus. 
From  five  to  twenty  pairs  of  hydranths  on  each  stem.  Hydrothecse 
long,  in  contact  with  each  other  along  middle  line  of  convex  side  of 
stem  for  about  two-thirds  of  their  total  len-ih.  The  distal  third 
bends  outwards  almost  at  right  uugles,  aud  the  bilobcd  opeuiugs 
are  almost  parallel  to  the  slem. 
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The  tentacle  of  the  hydranth  are  arranged  in  an  ellipse,  with 
its  long  axis  at  right  angles  to  the  long  axis  of  the  stem.  The 
teiitaelt*  at  the  ends  of  tliis  axis  are  the  shortejsi,  and  th<^  at  the 
ends  of  the  minor  axi-,  or  the  top  and  bottom  tentacles,  are  the 
shortest.  Tentacles  about  twenty-two.  KcjirrHluctive  calvrlos  nt 
base  of  stem,  nearly  spherical,  with  two  or  tiiree  obscure  aimula- 
tions,  a  short  constricted  stalk,  and  a  small  circular  mouth. 

This  form  bears  a  geoeral  resemblance  to  DynammuL  comicina, 
but  I  have  never  seen  anything  like  the  born-sbaped  reproductive 
calycles  which  he  describes. 

It  is  very  abundant  at  fieadbrt  all  through  the  snminer.  When 
kept  in  confinement  in  a  small  quantity  of  water,  the  tips  of  the 
stems  grew  to  a  length  of  several  incheR,  forming  a  slender  trans- 
parent spiral  thread.  When  the  tips  of  these  threads  oome  into 
contact  with  the  sides  of  the  glass,  they  become  attached,  and 
throwing  out  branches,  become  the  bydrorhisae  of  new  commn- 
nitiesi,  which  flourish  after  the  parent  stock  has  died. 

(17.)  Margdk  OaroUiMnns,  Ag. 

Very  common  all  through  the  summer,  but  we  did  not  find  the 
hydnu 

(18.)  Nemopm  BaeheL 

A  few  specimens  were  found  in  the  early  spring  of  each  season. 
The  Beaufort  form  seems  to  be  a  southern  variety,  for  all  the 
specimens  found  differ  from  A.  Agassis'  figure,  and  from  sketches 
which  I  made  in  1874  in  bis  laboratory  at  Kewport,  in  the  outline 
of  the  bell,  and  in  the  form  of  the  median  radial  tentacles.  The 
bell  is  more  flattened  and  its  diameter  exceeds  its  height,  and  the 
median  tentacles  have  rather  slender  shafb,  with  abrupt  enlarge- 
ments at  their  tips. 

■ 

(19.)  iNrrUopna  ntMoti^o,  HcCr. 

.This  medusa  is  found  all  through  the  season,  and  is  the  most 
common  species  at  Beaufort. 

The  young  stages  ^gured  by  A«  Agsasia  do  not  bebng  to  this 
apecicB. 
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Notwithstanding  McCrady*8  excellent  desoription  and  figures, 
Fewkes  has  figured  and  described  it  as  a  new  genua  and  species 

Modeeria  multiietUiculala, 

(20.)  Stomatoca  apacia,  jNlcCr. 

Bather  common  at  Beaufort  all  through  the  summer. 

(21.)  WUUa  omaia,  MeCr. 

This  is  a  rare  species  at  T?eaufort,  and  I  have  not  met  willi  -awv 
sexually  matured  specimen^.  Tiiose  I  found  were  obtaiued  on 
Jnlv  12th  and  18th  and  August  18th,  1880. 

Tlie  largest  specimens  had  four  stolons  running  off  from  the 
four  corners  of  the  stomach  just  beJow  the  inner  ends  of  the 
radiatiog  tubes.  Each  stolon  soon  braoohed  dicbotomously,  and 
ended  in  a  medusa  bud. 

(22.)  Pemuuia  mornaia,  novum  species. 

Stems  wiry,  horn-oolored,  branching  irregularly  so  as  to  build 
up  a  loose  arborescent  tuft  five  or  six  inches  high.  Hydranths 
irregularly  ])laced,  usually  on  short  lateral  branches  from  secondary 
stems,  sometimes  on  tips  of  secondary  stems,  and  oa^sionally  on 
short  branch«?  which  spriug  directly  from  sides  of  large  truuka. 

Stcui  has  from  live  to  seven  annulatious  distal  to  each  ibrli,  and 
an  equal  number  proximal  to  each  hydranth. 

Hvdranths  nearly  colorless,  with  a  circlet  of  from  ten  to  twenty 
short  tentacles — only  one-third  as  long  as  hydranth — near  the  base, 
and  three,  or  sometimes  only  two,  circlets  of  short  clavate  tentacles 
around  the  long  slender  manubrium.  There  are  usually  five  of  the 
clavate  tentacles  in  the  distal  set,  more  in  the  second  set^  while  the 
proximal  set  varies  greatly  and  may  be  absent. 

Taken  with  the  trawl  outside  Fort  Macon,  August  ISth,  1880. 

(23.)  SUenatrupia  graeUU,  novum  spedes. 

Umbrella  bell  shaped,  circular  in  cross  section,  with  a  lonjr, 
conical,  sharply  pointed  apex,  which  makes  half  the  total  leugth, 
and  contains  a  still  longer  undulating  prolon^tion  from  the 
stomach.  One  long  tentacle  and  three  rudimentary  ones,  one 
longer  than  the  other  two,  and  all  four  without  ocelli.   The  long 
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tentacle — the  dorsal  tentacle  of  Haeckel — may  be  extended  to 
nearly  twice  the  length  of  the  umbrella  including  the  apex ;  it  is 
ringed,  and  ends  in  a  spherical  enlargement  The  balb  at  its  base 
is  no  larger  than  those  of  the  other  three  tentades,  and  it  has  no 
ocellns. 

The  tentacle  opposite  it — ^the  ventral  tentacle  of  Haeokel, — ^is 
aboQt  three  times  as  long  as  the  other  two  radin^entery  tentacles, 
and  the  length  of  these  latter  is  about  equal  to  their  width. 

Radiating  tubes  arch  upwards  a  little  from  the  stomadi|  and 
then  pass  outwards  and  downwards  in  graceful  curves  to  the 
circular  tube. 

Stomacli  usually  alimit  tliree-founlk-,  as  long  a??  tlie  cavity  of  the 
8ub-umbrella^  although  it  may  be  protruded  froru  the  opening. 
It  is  a  little  swollen  in  the  middle,  and  tapers  gently  towards  each 
end. 

The  sides  of  the  umbrella  are  m  ;u  ly  uniformly  thick  from  top 
to  bottom,  and  in  j)rofilo  view  their  ouiline  passes  into  that  of  the 
apex  by  a  very  gentle  curve,  which  is  first  convex  and  then  concave. 

Length  of  apex  ^  inch,  height  of  umbrella  ii^ch,  ordinary 
length  of  long  tentacle  about  §  inch. 

Found  only  on  June  20th,  1880,  in  Newport  River. 

This  graceful  medusa  may  readily  be  distinguished  from  Oofy* 
morpha  penduU,  Ag.,  by  the  elongated  apex,  as  well  as  by  the  fact 
that  the  long^t  of  the  rndimenteiy  tentacles  is  opposite  the  long 
tentacle. 

It  may  be  distinguished  from  Hybooodon  by  ite  circular  outline 
in  cross  section. 

On  August  2d,  1880,  and  on  two  or  three  days  of  the  same 
week,  I  took  from  muddy  bottom  in  three  or  four  feet  of  water,  a 
number  of  specimens  of  a  solitory  hydroid,  which  may  be  the 

young  hydra  of  this  species. 

The  specimens  were  naked,  about  J  inch  long,  and  they  had  at 
the  upper  end  of  the  long  slender  body,  a  circlet  of  about  twelve 
long  slender  tentacles,  with  pigment  spots  at  their  tips;  and  some 
distance  above  these,  a  circlet  of  six  ghort  clavate  tentacles,  also 
pigmented  at  their  tips. 

The  nnimuls  fastened  themselves  to  the  bottom  of  the  tumbler 
in  wliicli  they  were  kept,  and  I  was  able  to  change  the  water 
without  disturbing  them.  The  lower  end  of  the  body  soon  became 
encased  in  a  sheath  of  grains  of  sand  and  other  small  particles. 
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Tbey  maltiplied  1^  tniiBvene  fiBsion,  the  upper  eod  separatiiig  off^ 
and  fiutening  itself  to  the  ghun  near  the  old  trunk,  which  aooit 
developed  a  new  head. 

(24.)  '  Mydradinia  polyclina,  Ag. 

The  Beaufort  Hydractinia  is  quite  different  from  the  descriptions 
of  the  northern  foriu»  but  I  made  no  careful  examination  of  it. 

Summarjf. 

Alex.  AgasBia  includes  Vt^h  muHea  among  the  Charleston 
species  on  the  authority  of  McCradj,  but  as  McCrady  only  says, 

I  have  never  seen  a  VdeHa,*  we  may  omit  it,  and  we  shall  then 
have  42  species  recorded  as  occurring  at  Charleston,  and  4^  found 
In  two  sommets  at  Beaufort.  Of  these  43,  27  or  more  than  half 
occur  at  Charleston,  and  eight  of  the  remaining  16  are  new. 

This  list  is  not  complete  as  there  are  three  or  four  other  forms 
which  are  not  described  at  present,  as  the  data  are  insufficient,  and 
as  our  stay  at  Beaufort  Included  the  summer  months  there  are,  no 
doubt,  a  number  of  winter  species  which  we  have  not  obtained. 

Our  open  boat  was  so  ill  adapted  for  facing  tlie  line  of  breakers 
on  the  bar  tliat  it  was  seldom  .safe  to  veiuure  outside  for  a  pro- 
longed excursion,  so  we  did  very  little  with  the  deep  water  forms, 
wbicii  our  bhort  excursions  lead  us  to  believe  are  very  numerous 
and  interesting. 

November  9tb,  1861. 


Digitized  by  Google 


ON  THE  OmaiN  OF  THE  SO-CALLED  "TEST- 
CELLS"  IN  THE  A8CIDIAN  OVUM.  BjJ,  PLAY- 
FAIR  H0MT7RRICH,  B.  A.,  Asnsiant  in  the  Biological  Labora* 
iory,  Univertity  of  Toronto,   With  Plate  X. 

The  followiog  obfiervations  have  been  made  in  the  hope  of 
docidating  to  some  extent  the  nature  of  the  eo-oalled  *^  test-cellB,*^ 
80  characteristic  of  the  ova  of  Tnnicates.  These  bodies  have  been 
described  by  various  authors  as  occurring  in  the  eggs  of  most  of 
the  coinmoncr  forms,  and  under  normal  circumstances  probably 
do  nut  niakc  their  appearance  until  after  fertilization.  Lacaze- 
Duthiers^'^  states  that  in  Molgula  a  true  layer  of  "test-cells"  is 
wanting^,  and  only  the  follicle-epithelium  surrounds  the  newly 
de|H>-it<  il  ovum.  UikIci  abnormal  circumf»tanco9,  however,  they 
are  formed  at  a  much  earlier  period,  and  thus  in  most  e^j^s  that 
have  been  observed,  teet^ls  "  were  present  or  soon  made  their 
appearance. 

My  observations  have  been  carried  on  for  the  most  part  on  ova 
of  ^seidta  amphorOf  but  I  have  also  confirmed  iuo?t  of  them  by 
similar  ezperimentfl  on  eggs  of  CyiUhia  ooeUata.  1  made  use  only 
of  mature  or  almost  mature  eggs,  so  that  I  am  unable  to  give  as 
complete  an  aoeoant  of  some  points  as  could  be  desired. 

The  mature  eg^  of  A,  amphora  (PI.  X,  Fig.  1)  have  an  aiverage 
diameter  of  about  .256  mm.  and  present  on  optical  section  two  dis- 
tinctly marked  zones,  enclosing  a  semi-transparent  granular  mass, 
the  yolk.  The  outer  of  the  two  zones  is  formed  by  the  follicle* 
epithelium,  consisting  of  a  single  layer  of  cells  surrounding  the 
whole  egg,  and  presenting  on  a  sorfiwe  view  a  polygonal  appear- 
ance. On  examining  a  single  cell  which  has  become  separated 
from  the  egg,  with  a  rather  hi«i:h  ma^:;:nifying  power,  its  interior  is 
seen  to  be  occupied  almost  entirely  bv  a  number  ul  vacuoles,  sepa- 
rated from  one  another  and  surrounded  by  very  delicate  bands  of 
protoplasm,  which,  in  some  of  the  ani^le*5  formed  by  tlie  meeting 
of  the  polyi^onal  va<  tioles,  appear  as  dark  spots.  fPl.  X,  Fig.  2.) 
I  have  not  been  able  to  observe  tli*  developnieiit  ol  tiiese  cells,  bnt 
Semper    has  described  it  as  it  occurs  in  Moigula  nanay  where,  in 
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the  earliest  obeenred  stages^  they  appear  as  a  layer  of  flat  oella  on 
the  sarfiMje  of  the  egg,  whteh^  later  on,  become  prismatic,  and  in 
the  interior  of  which  2-4  yellow  grannies  make  their  appear- 
ance* These  afterward  disappear  and  large  vacuoles  take  their 
place,  pressing  the  protoplasm  and  nnelens  to  one  side.  In  his 
figures,  the  formation  of  the  vaonoles  has  not  advanced  as  &r  as  in 
the  eggs  I  studied,  bnt,  on  comparing  his  Figure  6,  Plate  I,  with 
my  Figure  2,  Plate  X,  it  will  at  once  be  recognized  that  the  ap- 
pearance I  have  observed  is  to  be  accounted  for  in  the  same 
manner,  the  vacuoles  having  become  exceedingly  abundant,  and 
pressed  the  original  contents  of  the  cell  to  the  periphery,  siuaii 
portions  only  being  left  in  the  intervals  between  the  vacuoles. 

Fol,^^^  having  succeeded  in  tracing  the  origin  of  these  cells  still 
fartlier  back  in  Phnllmia  intestinaliSf  states  that  they  are  not 
formed  from  the  ovary,  but  from  the  interior  of  the  egg  at  tiie 
boundary  between  the  yolk  and  the  nucleus,  and  wander  thence  to 
the  surface,  where  they  form  an  ej)ithelial  layer  round  the  egg. 
One  would  fancy  at  tirst  that  the  eminent  observer  had  accidentally 
confused  "  test-cells"  with  the  follicle-epithelium,  but  that  he  has 
not  done  so  is  evident  from  his  also  describing  the  "  test-cells  "  as 
formed  later  on.  This  discovery  is  of  great  interest,  both  from  its 
upsetting  all  former  theories  as  to  the  formation  of  these  cells, 
which  have  hitherto  always  been  considered  as  being  formed  from 
the  ovary,  and  also  from  the  singuUur  maoner  in  which  Kowa- 
lewsky's  theory  in  regard  to  the  formation  of  the  "  test-cells  "  from 
these  cells  has  been  turned  upside  down,  these  bodies  (i.  e.  the 
test-^lis being  formed  independently  from  the  yolk  (as  will  be 
seen  hereafter)  from  which  at  an  earlier  period  the  foUicle-oells 
had  also  been  derived.  If  M.  FoFs  observations  are  correct,  it 
is  evident  that  the  term  follicle-oell  '*  is  entirely  a  misnomer, 
as  is  also  indeed  that  of  '^test-cell,"  both  bdng  to  a  high  degree 
misleading  to  one  who  has  not  studied  the  history  of  the  ap- 
pellations. 

Within  this  layer  of  so-called  ^  follicle-cells"  comes  the  seoond 
zone  of  the  egg,  consisting  of  a  transparent,  apparently  homoge- 
neous structure,  which,  however,  when  acted  on  by  acetic  acid, 
becomes  markedly  granular.  This  is  the  egg-shell  or  "chorion" 
of  some  authors. 

in  the  interior  of  the  egg-shell  and  lilling  it  almost  completely 
in  the  iresh  ovum,  U  the  yolk.    On  the  average  it  measured 
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.236  mm.  and  was  of  a  yellowish  frray  color,  due  to  the  coloration 
of  the  constituent  granules.  In  the  majority  of  the  eggs  of  tliis 
Ascidiao  I  examioed,  no  nuclei  were  visible  either  in  the  fresh 
egg,  or  in  those  that  had  been  subjected  to  the  reaction  of  acetic 
acid  and  glycerine,  or  oemio  acid  and  carmine.  In  some,  however, 
a  clear  spot  vaa  noticeable,  usually  situated  eccentrically  (in  one 
instaDCc  at  the  periphery  of  the  egg)^  and  measuring  .020-.086 
mm.  One  egg  presented  a  rather  peculiar  abnormality,  which  I 
deem  worthy  of  being  recorded.  The  peculiarity  consisted  in  the 
presence  of  two  distinct  nu<dei,  both  situated  eccentrically  on  the 
same  side  of  the  egg  and  varying  somewhat  in  sice,  the  larger 
measuring  .06  mm.  and  the  smaller  .(H  mm.  I  am  certain  that  I 
did  not  observe  the  male  and  female  pronuclei,  as  the  egg  under 
observation  had  just  been  removed  from  the  ovary,  so  that  it  could 
not  have  been  impregnated  any  length  of  time,  if  at  all,  before 
my  observation  of  it. 

These  were  all  tlic  points  to  be  observed  iii  a  perfectly  fresh 
ovum,  but  in  one  that  had  been  removed  from  the  ovary  tor  a 
short  time,  or  which  had  heen  subjected  to  the  action  ui  various 
reagents,  there  was  to  l>e  seen  surrounding  the  yolk  a  layer  of 
bodies,  which  have  received  the  narae  of  "test-cells"  from  the 
idea  that  they  were  the  cells  of  the  develo])ing  ovum,  from  which, 
eventually,  the  characteristic  test  oi'  the  adult  Ascidian  was  formed. 
Kowalewsky  in  his  paper  on  the  development  of  ^«cirf/a  canina 
states  his  belief  that  such  is  the  fate  of  these  cells,  which,  he  also 
maintains,  have  their  origin  from  the  epithelial  cells  of  the  egg- 
follicle.  Later  on,  however,  in  his  paper  on  the  development  of 
Pjrrofioma,^^^  he  withdraws  the  statement  that  the  mantle  is  formed 
irom  the  "test-cells,''  but  still  adheres  to  the  opinion  that  these 
are  merely  follide-epithelial  cells,  which  have  migrated  inwards 
towards  the  yolk.  Before  the  appearance  of  his  first  paper,  how- 
ever, Kupffer/^  after  investigating  the  subject,  came  to  the  conclu- 
sion that  the  ''test-cells"  formed  at  the  surface  of  the  egg  itself, 
which  theory  had  been  independently  adopted  by  Met8chnikoff.^> 
Before  the  publication  of  Rowalewsky's  second  pai)er,  Ilertwig^** 
shewed  that  the  "test-cells"  take  no  part  in  the  formation  of  ihe 
mantle,  this  being  formed  as  a  secretion  of  a  homogeneous  substance 
from  the  epidermis,  into  which,  later  on,  cells  migrate  i'vom  the 
epidermis.  Hertwig's  observations  were  made  on  Phallusia  rnamil- 
UUa  and  P.  virgmea  (?),  and  have  been  coutirmed  by  Semper^^**  by 
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observations  on  CUwtUna  vUrea  and  OynUtia  deprma.  In  the 
same  year  that  Semper  published  his  observations^  a  paper  hj 
XJssow^^  appeared,  in  ivhioh  the  old  theories  first  advanced  by 
Slowalewsky  are  revived  and  moat  emphaticallj  insisted  npon* 
He  says:  "  The  outer  mantle  of  the  Tunicates  is  developed,  not  as 
a  secretion  product  of  the  epidermal  cells  of  the  inner  mantle^ 
(Hertwig,  Arsenjew,)  but  by  the  increase  in  number  and  growth  of 
the  so-called  'test-cells'  (Knpfier,  KowalewskiX'*  and  again:  "The 
result  of  my  observations  on  tlie  formation  of  the  so-called  'test- 
eells'  is  in  oomplete  accord  with  that  of  A.  Kowalewski,  The 
yellow  bodies  are  in  fiict  nothing  but  cells  of  the  Graafian 
follicle 

Semper  shews  that  in  the  several  species  in  which  he  examined 
the  ovji,  tlie  '*  test-cells "  were  formed  m  the  interior  of  the  egg, 
unci  tliat  by  the-  action  of"  rea<i;ent.s,  or  even  by  exposure  to  sea- 
water,  these  bodies  might  bu  produced  in  immature  eggs.  He 
holds  that  they  are  devoid  of  a  nucleus  and  of  a  cell-wall,  and  dis- 
carding the  term  "test-cells,''  substitates  instead  that  of  ''test- 
drops." 

My  own  observations  liaving  been  confined  to  mature  or  almost 
matiiro  cLrix?,  T  cannot  conHrin  Professor  Semper's  statement  a.s  to 
the  production  of  these  peculiar  bodies  in  immature  ego;s  by  means 
of  reairents,  but  these  have  the  effect  of  producing  them  in  most 
cases  almost  immediately  in  mature  eggs,  even  the  exposure  to  sea- 
water  for  a  short  time  l>eing  suilicient  for  the  purpose.  Produced 
in  this  manner  these  bodies  are  small  and  roundish  in  shape,  and 
in  their  interior  numerous  dear  highly-refractive  granules  are  to 
be  seen.  I  could  detect  do  nucleus  either  in  the  fresh  or  in  the 
stained  drop,''  .and  a  limiting  membrane  was  also  apparently 
wanting. 

As  regards  their  mode  of  origin  I  am  in  accord  with  the  obseiv 
vations  of  Kupfier,^^>  Metscbinkoff/'^  eta  When  an  egg  has  been 
removed  from  the  ovary  for  a  few  minutes,  there  appear  in  the 
interior  of  the  yolk,  numerous  clear  spots  situat^  nearer  the 
perij>bery  than  the  centre.  In  no  case  did  Uiey  niake  their  ap- 
pearance at  the  centre  of  the  yolk,  and  though  in  Figure  3,  (PI,  X,) 
some  appear  to  be  very  clcse  to  it,  these  in  reality  are  peripheral 
and  appear  indistinctly  when  an  optical  section  of  the  egg  is  made 
and  accordingly  have  been  represented.  I  accordingly  oonoliide 
that  their  origin  is  peripheral  as  stated  by  Metsohinkoff/'^  They 
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ci  rulually  migrate  olitwards,  until  they  form  a  layer  at  the  periph- 
ery of  the  yolk  (PI.  X,  Fig.  4),  and  then  pass  outside  of  it  alto- 
gether. Tde  yolk  at  the  same  time  oontractB  and  leaves  a  space 
between  its  circumference  and  the  egg-membrane,  in  which  tlie 
"test-cells''  lie,  forming  at  first  a  layer  round  the  yolk  (PI.  X, 
Fig.  5),  bat  aa  the  contraction  of  the  yolk  proceeds,  and  the  space 
becomes  larger,  they  move  away  from  the  suHaoe  of  the  egg  and 
scatter  themselves  irregularly.  (PI.  X,  Fig.  6.) 

I  should  imagine  that  there  is  in  a  manner  a  separation  of  the 
egg  into  two  portions;  an  outer,  consisting  of  protoplasm  with 
comparatively  few  yolk  grannies,  and  an  inner,  containing  most  of 
the  yolk  granules  and  a  small  amount  of  protoplasm.  The  outer 
cone  is  of  no  further  use  in  the  prooees  of  development,  and  gradu- 
ally splits  up  into  these  '^test-drops/'  their  formation  commencing 
at  the  inner  part  of  the  zone  and  procetdiiig  outwards,  until  we 
have  numerous  "  test-dro})s"  and  nothing  left  of  the  egg  but  a 
dense  mass  of  food-granules,  closely  packed  together  in  the  re- 
maining protoplasm,  irom  whicli  the  embryo  i.s  formed.  Metschin- 
kuil  describes  this  separation  of  the  egg  into  two  portions.  lie 
says :  "  In  the  greenish  protoplasm  of  a  young  egg  of  Asoidia 
intesiinaiis,  fine  yolk-granules  collect  round  the  nucleus;  the 
numl)er  of  these  becomes  continually  greater,  whereby  only  the 
peripheral  portion  of  the  protoplasm  retains  its  greenish  colora- 
tion. This  layer  now  separates  itself  distinctly  from  the  central 
grannlar  portion  and  splits  up  into  a  great  number  of  round 
bodies  which  are  the  first  *  TunioHiells.' "  From  this  description 
one  would  imagine  that  the  author  implied  that  the  Tunic-cells'' 
were  formed  at  the  extreme  periphery  of  the  egg,  which,  however, 
is  not  the  case,  for  they  make  their  appearance  in  its  interior. 

On  treating  a  fresh  ovum  with  a  dilute  solution  of  acetic  acid 
(1  or  2  drops  of  commercial  acid  to  a  watch-glassful  of  water)  for 
about  half  an  honr,  its  appearance  becomes  considerably  changed. 
(PI.  X,  Fig.  6.)  The  interglobular  protoplasm  of  the  <*  follide- 
oells"  becomes  much  more  distinct,  and,  in  consequence,  the 
globales  themselves  become  more  plainly  marked  off.  The  trans- 
parent, apparently  homogeneous  egg-membrane  becomes,  its  men- 
tioned above,  distinctly  granuiar.  The  yolk  contracts  very  much, 
measuring  on  the  average  about  .116  mm.,  half  its  oriiiinal  bize. 
This  contractiou  leaves  a  clear  space  between  the  yolk  and  the 
egg-membrane,  which,  however,  is  larger  in  one-half  of  its  cir- 
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itamSK&Me  than  in  the  other,  owing  to  the  eooentric  position 
anmed  bj  the  ooDtraoted  yolk.  In  this  clear  space  are  nmneroos 
^  tflst-odlfl^''  not  forming  a  layer  round  the  yolk,  as  they  nmiaUy 
do  in  an  egg  thai  haa  been  sabjeoled  fbr  a  abort  time  only  to  the 
aelion  of  aoetio  add  or  aeapwater,  but  aoattered  irregularly  ntonnd 
the  yolk.  The  ^'teBt-oellfl''  meaanre  .008  mm.  and  present  the 
appearanoe  deseribed  above.  In  eggs  that  have  been  left  in  noetic 
aoid  for  a  much  longer  period  (6-20  hooia)  no  inrther  changes 
ahowing  that  the  aoid  has  eierted  its  fnll  infloenoe  on 

ihem. 

After  exposare  to  aea-irater  for  mx  hmm,  very  much  the  same 

appearance  is  presented  as  with  dilute  acetic  add.   The  ^follide- 

cells,"  however,  shew  a  tendency  to  separate  from  the  egg-mem- 

braue,  wiiich,  on  ius  pui  t,  does  not  present  a  gnuiular  appearance, 
(i'i.  X,  Fig:.  7.) 

Upou  running  some  strong  jnoro-carniine  under  a  cover-e^las®, 
bel«  w  ^'  ill  li  were  some  ova  in  sea-water,  verv'  impMriant  chaugei 
occurred.  At  tir^i  no  "te^t-c^lls''  were  to  l^e  seen,  but,  as  the 
picro-carmine  gradually  reached  the  egg,  and  the  picric  acid 
exerteil  its  action  upon  it,  it  gradoally  ussumetl  a  vpHaw  htie, 
while,  at  the  saiue  time,  there  appeared  at  its  penpnery  oiany 
small  spherical  bodies  of  a  round  or  oval  shape,  the  same  size  as 
the  "  test-cells,^'  and  containing  in  their  interior  several  highly 
refractive  grannies,  which,  in  fact,  render  them  apparent.  2>^o 
teefe-cella''  appear  ontaide  the  yolk,  which  retains  its  original  sine. 
The  egg^membrane  assumes  a  pink  hoe,  and,  after  some  time^ 
becomes  distinctly  giannlar.  The  "follicle-cells  "  do  not  atain  §ot 
some  time  and  <how  a  tend^i^  to  sepmate  fiom  the  t^g-mma^ 
bfane.  (PI.  X,  Fig.  8.)  The  rsaetion  produced  by  very  dilate 
picro-carmine  is  also  rather  important.  Afler  being  subjected  to 
this  reagent  ibr  about  half  an  hour,  the  eggs  presented  an  appenr- 
anee  intcraaediate  between  that  produced  by  the  cootinQed  aodoa 
of  dilute  aeetio  acid  and  that  IbUowiog  the  employment  of  stroi^ 
pierocaimine.  (PL  X»  Fig.  9.)  The  yolk  eontracta  to  a  al^i 
degree,  and  test-cells make  their  aiyeaiancc^  lUling  op  the 
small  space  between  the  partly  conttacted  yolk  and  the 

I  ako  employed  osmie  acid  in  the  ftUowiog  maimer.  The  eggs 
wme  placed  in  a  watdHglam  containing  am  watu,  to  which  1  or 
1  drops  of  j  per  esnl^  csauc  acid  had  pnrvioualy  been  added,  and 
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allowed  to  remain  there  for  from  live  to  ten  minutes^  when  they 
were  removed  and  stained  with  fieaie's  carmine.  In  most  cases 
no  change  occnrred,  the  yolk  remaining  of  its  original  size,  and  no 
^'test-oelJs''  or  clear  spots  made  their  appeaninoe  in  the  yolk,  with 
the  exception  of  one  instance,  in  which  I  did  pofoeive  a  nnmber 
of  clear  apots  in  the  peripheiy  of  the  jolk, 

Bj  these  reealts  two  qnestions  are  suggested:  1st.  What  are 
these  ^'test-oeUs?'^  2d.  How  are  the  various  phenomena  oaoaed 
hy  the  various  reagents  to  be  explained?  I  shall  give  the  second 
question  priority.  The  explanation  that  seems  to  me  to  be  the 
simplest,  and  that  which  bears  the  stamp  of  probability  most  dis- 
tinctly, is,  that  these  phenomena  are  caused  by  the  varying  efieota 
of  the  diflhient  reagents  in  producing  a  contraction  of  the  proto* 
plasm  of  the  yolk.  Thus,  osinic  acid,  which  "fixes"  the  proto- 
plasm immediately,  allows  of  little  or  no  contraction,  and  hence  no 
"test-cells"  appear;  with  picric  acid  (which  evidently  is  the  con- 
stituent of  the  picro-carraine  that  is  active  in  producing  the  phe- 
n  oiiH  non)  a  slicfht  contraction  takos  place  bt^tore  the  protoplasm 
bfccomes  "  tixf'<!/'  wherel^v  the  tf-t-crlls arc  formed,  but  the 
contraction  is  not  sufficient  to  eiime  iliem  to  pass  outside  the  yolk; 
and,  in  the  last  place,  with  acetic  acid  and  sea- water  there  is  no 
filing  of  the  protoplasm,  and  the  contraction  goes  on  to  such  an 
extent  that  the  "teet-ceils"  are  driven  completely  outside  the 
yolk.  Strong  evidence  in  support  of  this  theory  is  afforded  by 
the  variation  in  the  action  of  picric  acid,  according  to  the  strength 
in  which  it  is  used.  For,  as  we  have  seen,  in  a  dilate  solution  so 
much  oontraetion  of  the  yolk  is  pcodnoed,  that  the  *^ test-cells''  do 
partly  pass  out 

Acooidingly,  theui  the  ^'testKsells"  are  formed  by  a  contraction 
of  the  protoplasm  of  the  egg,  and  thus  we  can  readily  understand 
their  formation  in  a  developing  egg,  where  the  oontraction  pro- 
duced by  the  process  of  cleavsge  would  be  quite  sufiBcient  to  cause 
their  extrusion  from  the  yolk. 

We  are  now  in  a  position  to  discnss  the  question  as  to  the  nature 
of  these  "test-cells."  Semper^'^  regards  them  as  merely  polar  glob- 
ules, comparing  them,  in  respect  to  their  number,  with  those  of 
the  Molhisca.  This  theory  is,  however,  untenable,  for  by  the  re- 
sejirches  of  Hertwig  on  the  formation  of  tiie  i)olar  globules  in  the 
eggs  of  Haemopis,  Nephelis/'"'  Asteracauthion,  Mytilus,^">  and 
other  ibrms^  we  know  that  the  polar  globules  are  formed  by  a  true 
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coll-division,  and  an;  tliemselves  true  cells,  containing  a  nucleus, 
AvherL'JLS  no  such  process  has  been  observed  durinL]^  the  forniation 
of  the  "test-cells,"  and  I  lur  my  part  am  sure  thai  it,  does  not  ob- 
tain, and,  as  Semper  himself  insists,  the  "test-celU"  are  not  true 
cells,  but  merely  "drops."    Fol,^'^  too,  states  that  iu  Phalhwia 
intent ina Ha  polar  globules  (two  in  number)  are  formed  after  the 
disappearance  of  the  original  nucleus  and  alter  the  funnation  of 
"test-cells."     Accordin<i;ly  then,  there  is  no  morphological  ho- 
mology between  the  pohir  glol)ules  and  the  "test-cells."    In  the 
^gs  of  certain  ibrms,  however,  such  as,  iu  the  Amphibia,  ivana,  ''^ 
and  in  the  Pisces,  the  Trout,^'**  after  the  disappearance  of  the  ger- 
minal vesicle,  peculiar  bodies  are  extruded  from  the  yolk  without 
any  Bpindle-formation  or  cell-division,  for  which  Hertwig  propoeeB 
the  name  of  excreted  bodies  (Excretkorper)  in  oontradiatinction  to 
the  pohir  globules  formed  by  cell-diviaion.  These  Btraotorea  haye 
been  supposed  by  the  various  authors  to  be  the  remains  of  the  ger- 
minal vesicle,  and  thus,  as  far  as  their  mode  of  formation  is  con- 
cerned, probably  do  not  allow  of  comparison  with  the  "teBtHsells," 
but  dnoe  they  resemble  these  latter  in  being  bodies  whose  presence 
in  the  egg  is  not  necessary  Co  its  further  development,  and  since 
the  cause  of  thetr  appearance  is  evidently  the  same,  viz:  the  con- 
traction of  the  yolk  Induced  by  a  stimulus,  I  think  there  can  be 
no  objection  to  classifying  the  "test-cells"  with  them  as  Exctet- 
kdrper* 

Wy  ville  Thomson,^  however,  has  described  bodies  as  oocorring 

in  Antedon  rosaceus  which  bear  a  closer  homology  Co  test-cells" 
than  even  these  structures.  He  says:  "Consequently  on  the  con- 
traction of  the  yolk,  a  number  of  minute  spherical  pale  yellow 
oil-globules  are  apparently  pressed  out  into  the  space  within  the 
Vitelline  membrane."  These  bodies  ditlcr  from  "test-cells" 
onlv  in  the  fact  that  they  arc  oil-Ljlobulc^.  whereas  "test-celU"  are 
distinctly  protoplasmic  in  their  nature,  and  contain  in  their  iaierior 
several  oil-Lcifbulcs  usually.  This  distinction,  however,  is  of  com- 
paratively little  moment,  and  both  in  their  mode  of  formation  and 
general  appearance  these  Excretkorper — for  so  they  also  may  be 
denominated — are  evidently  closely  related  to  " testrcelis"  and 
perhaps  identical  with  them. 

I  consider  these  '^test-cells"  to  be  simply  masses  of  albuminous 
material  containing  two  or  three  granules  of  the  food-yolk,  and 
presume  that  th^  are  iu  reality  only  poriiona  of  the  protoplasm 
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of  the  egg,  which  have  hi-vn  foroed  out  by  the  contraction.  If 
an  egg,  in  which  the  "t(st-cells  "  liavp  pnssed  oiilside  the  yolk, 
be  subjected  to  pressure  suf?icient  to  ruj)ture  the  yolk-membraoe, 
allowing  the  yolk  to  come  into  contact  with  the  "  test-ceiis,"  and 
at  .  the  same  time  leaving  the  egg-shell  intact,  the  tesfc-oells 
commingle  oompletely  with  the  yolk  and  cannot  be  distinguished 
again.  The  granules  to  be  observed  in  a  "  test-cell have  a  perfect 
resemblaDoe,  both  in  shape  and  appearance,  to  those  remaining  in 
the  jolk  as  food,  so  that  it  may  be  presumed  that  they  are  in 
reality  the  same^  and  were  originally  situated  in  the  yolk,  in  that 
portion  of  the  protoplasm  which  formed  the  teat-cell,"  and  were 
extruded  with  it 

The  reason  why  portions  of  the  yolk,  originally  of  use  to  the 
embryo,  have  become  nseless  and  are  extruded,  must  remain  unde- 
cided until  the  Hfe-histories  of  more  of  the  lower  types  of  Asoidiaos 
have  been  fully  worked  out,  but  in  all  probability  the  explanation 
is  to  be  sought  for  iu  a  change  iu  the  life  of  an  ancestral  form, 
whereby  the  development  became  more  rapid  and  less  food-yolk 
was  required,  while,  at  the  same  time,  little  or  no  diminutiuu  iu 
the  amount  of  yolk  in  the  egg  was  produced. 
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EXPLANATION  OF  FIGURES. 

Figure  2  is  drawn  with  Hartaack  obj.  9,  oc.  2;  all  the  rest  are 
drawn  with  HartDack  obj,  7,  oc.  2. 

Fiauu  1.— Fresh  egg  of  Axcidia  amphora. 

FiauBi  9.— ^Folticle^l. 

FiauBB  3. — Eg^  after  short  ezposnre  to  9ea> water. 

FiouRB  4. — Egg  after  longer  exposure  to  sea-water. 

FiouEB  6. — ^Egg  after  still  longer  ezposure  to  sea-water. 

FiovEB  8  ^Egg  after  exposnre  for  half  an  hoar  to  the  action  of  dilate 

aoetic  acid. 

FiouBS  7. — ^Bgg  after  exposare  to  8ea*water  for  six  hours. 

FiauuE  8. — Egg  after  the  action  of  strong  piero^carmine. 
FiavftB  9. — ^Egg  after  the  action  of  very  dilate  picro-carmiae. 
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A  CONTRIBUTION  TO  THE  STUDY  OF  THE 
BACTERIAL  ORGANISMS  COMMONLY  FOUND 
UPON  EXPOSED  MUCOUS  SURFACES  AND  IN 
THE  ALIMENTARY  CANAL  OF  HEALTHY  * 
INDIVIDUALS.  IU.U8IBATSD  BT  Photo-Micbogeapbs.^  Bj 
GEO.  M.  STERNBERG,  Surgeon  U.  8.  Army,  late  "Fellow  by 
Courtesy  of  the  Johns  JIopkitiH  University.  With  Plfttoe  XI, 
Xil  aud  Kill. 

iNTBODUCriON. 

Thb  obaervations  recorded  in  the  following  paper  and  the 
photo*miorograph8  by  which  it  is  illnstratedi  were  made  in  the 
Biological  Laboratory  of  Johns  Hopkins  University,  Baltimore, 
Maiyland,  during  the  months  of  Jnne,  July  and  August,  1881, 
at  which  time  the  writer  was  acting  under  the  orders  of  the 
National  Board  of  Health,  and  was  engaged  in  special  investiga- 
tions which  ooeupied  a  considerable  portion  tji  his  iime^  and  to 
which  this  study  was  necessarily  subsidiary. 

Microsct^pists  have  lon«;;  l)een  familiar  with  the  fact  that  a  variety 
of  bacteria  are  constantly  ionnd  in  the  alimentary  canal  of  healthy 
individuals,  and  that  the  examination  with  a  sufficiently  high 
power  of  baliva  or  fseces  never  fails  to  demonstrate  the  presence  of 
a  multitude  of  these  micro-organ isiiih  of  various  forms.  Some 
niicroscopists  to  whom  this  fact  in  taniiliar,  and  wiiose  studies  have 
shown  them  the  widely  extended  distribution  of  the  bacteria,  both 
within  and  without  the  human  body,  have  shown  a  disposition  to 
ridicule  the  idea  that  th^  minute  organisms,  so  universally  pres- 
ent, are  capable  tinder  any  circumstances  of  playing  so  important 
a  r6le  in  the  etiology  of  infectious  and  epidemic  diseases  as  has 
been  ascribed  to  them  by  believers  in  the  '^germ-theorv.-'  It  must 
be  admitted  that  many  extravagant  and  unfounded  claims  have 
been  made  by  over-enthusiastic  supporters  of  this  theory,  and  tbst 
a  scientific  conservatism  is  very  essential  to  him  who  woold  esti- 
mate at  their  true  valne  the  &otB  developed  by  the  numerous  re- 

I  Vmd  althA  OInoiiinstf  mMting  of  tho  A.  A.  A.  S.,  Aug.  18th,  1881. 
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Marches  whioh  have  been  made  relating  to  the  bacteria.  The 
literature  of  the  subject  id  already  enormous,  and  the  yearly  addi- 
tions to  it  seem  to  grow  almost  in  geometrical  progressioD,  showing 
the  rapidly  increasing  interest  in  the  Biibject  among  physicians, 

feunitarians  and  men  of  scieuce  generally,  due  to  a  more  geuorai 
appreciation  of  the  importance  of  the  questions  involved.' 

It  is  evident  that  the  time  Iia.s  passed  when  the  sj)irit  of  inve  sti- 
gation can  1)0  arrested  by  the  exhibition  under  the  microscope  of 
the  baoti  ri;\  found  in  the  saliva  or  faeces  of  a  healtliy  individual 
and  tlie  niai^isterial  dictum  ot  an  expert  microscopist'^  that  th^ 
minute  organisms  are  entirely  harmless. 

That  there  are  many  widely  distributed  forms  (species?)  whioh 
are  ordinarily  harmless,  can  not  be  questioned,  but  that  pathogenic 
bacteria  exist,  either  as  distinct  species  or  as  physiological  varieties 
(Fasteur)  of  common  forms,  is  now  definitely  proven. 

No  apology,  then,  is  n^ed  for  a  study  of  this  nature^  the 
object  of  which  is  to  place  upon  record  photographie  representa- 
tions of  the  common  bacterial  otganisms  found  in  the  bodies  of 
healthy  individuals  and  some  observations  relating  to  their  physio- 
logical properties  and  the  best  method  of  studying  them. 

It  is  evident  that  a  precise  knowledge  of  the  morphology  and 
development — life-history— of  these  common  forms  is  an  essentud 
prerequisite  to  the  recognition  of  unusual  forms  and  to  the  en> 
lightened  study  of  the  possible  relation  of  such  forms  to  any  par- 
ticular disejiiie  with  which  they  may  be  found  jissociated. 

I  call  attention,  however,  en  paHnaniy  to  the  fact  that  recent  re- 
searches indicate  that  too  much  importance  has  heretofore  been 
attached  to  m»)rf>hological  Uistiuctions,  and  that  not  only  may  the 
same  organism  present  distinct  morphological  peculiarities^  in  dif- 
ferent stages  of  its  developim  nt,  but  that  during  the  same  stage 
differences  in  size,  if  not  in  form,  may  result  from  conditions  re- 
lating to  the  environment — ^temperature,  composition  and  reaction 

I  NOTK. — la  tlie  bibliugrapliy  compiled  by  Magnin  ("  The  Bacteria,"  Little, 
Brown  &  Co.,  Boston,  1880)  and  added  to  by  myself,  but  which  can  by  no 
meiios  be  eoniidcred  complete*  the  referenoev  f^om  184HMO  are  feven;  from 
1840-60,  twelve;  from  1860^,  seventeen;  from  1860-70,  rikty-tbree;  from 
1870-80,  above  three  hundred  and  tifty.  In  the  eecond  volume  of  the  "Index 
CHtnlocjue  to  Lihrsry  "l"  th*'  Sur^oon-GiMicral's  Officf."  just  published,  four 
closely  primed  pages  are  required  for  the  references  reUting  to  "CharboQ" 
alone. 
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of  medium,  presonoe  or  absence  of  oxy;j;cn,  etc.  On  the  other 
hand,  organisms  morphologically  undistinguishable  from  each 
other  may  possess  different  physiological  properties. 

The  researchea  of  some  of  the  pioneers  in  this  field  of  investi- 
gation, and  especially  the  discovery  by  Daviiinc  of  a  bacillus  in 
the  blood  of  Anthrax  aod  of  Obermeier  of  a  spiriilum  in  that  of 
relapsing  fever,  led  many  to  anticipate  that  organisms  morpho- 
logically distinct  might  eventually  be  discovered  for  each  speoific 
disease. 

Thta  expectation  has  not  been  realised,  and  the  germ^theory  has 
been  vigorously  attacked  by  conservative  opponents  who  have 
properly  pointed  out  the  morphological  identity  of  Bamlltu  an- 
ihraei$  and  mtbHiis,  and  of  SpiroehaeU  Obmiuim  and  S.  pit- 
eaUU  which  is  not  infrequently  found  in  the  mouth  of  healthy 
individuals.  This  argument  has,  however,  lost  its  force,  and  the 
common  and  usiiLilly  iKirnilt'>!S  bacteria  aruiiiid  us  liave  acquired  a 
new  importance  since  it  iia.s  been  shown  by  Pasteur,'  Buclmer,* 
Greenfield,^  Grawitz,*  and  others,  that,  by  special  liicihods  of  culti- 
vation, patho_renic  varieties  may  be  developeti  I'rom  harmless  or- 
ganiMUf?,  ami  that,  by  certain  treatment,  deadly  bacteria  may  so 
far  lo.se  tlieir  virulence  as  to  j)n)(luee  only  a  milcl,  thnuLrii  protec- 
tive form  of  disease.  In  a  recent  study ^  of  ''A  Fatal  Form  of 
Septictemia  in  the  Rabbit  produced  by  the  Sub>Cutaneou8  Injec- 
tion of  Human  Saliva "  I  have  obtained  experimental  evidence 
pointing  in  the  same  direction. 

A  brief  reference  to  these  facts  is  all  that  I  can  permit  myself 
in  the  present  psper,  but  I  desire  to  call  attention  to  certain  possi* 
bilities  which  remain  after  the  negative  demonstration  has  been 
made  that  no  organisms  are  present  in  the  blood  of  patients  suffer^ 
ing  from  a  certain  disease — ^that  is,  none  demonstrable  with  the 
highest  powers  of  the  microscope  as  at  present  perfected.  This 

1 1*  De  l'fttt«naftUoii  du  vlmi  da  cholera  dw  poutes."  C*  B.  Ac.  d6«  Sc.,  XCI, 

p.  378- 

2  Uelx^r  die  exper!mcnt(>Ile  Erzeugung  dea  Milzbrand-ContagiunM  aus  den 
fli'Upilzen."    Miinchen,  1880. 

s  "Further  Inve&tigutiuns  od  Anthrax  and  Allied  DUeiiscs  in  Man  and  Ani- 
miili."  Brown  Lectures,  I-V^  London  Lanceti  1860,  pp.  966-9G6;  1881,  pp. 
8-4,  01-94,  168-164. 

4 

•■^See  Bull. •till  Xational  l^>ar.l  of  Ilfnlth,  April  80,  1881,  and  succeeding 
article  in  the  present  number  of  thU  Journal. 
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negative  demonstration  by  no  means  proves  that  the  disease  in 
question  is  not  a  m  i  ni  diBease,  for  the  habitat  of  the  parasite  may 
be  elsewliere  than  in  the  blood,  which  may  not  offer  the  proper 
conditions  for  its  developraefu  niid  from  which  it  may  be  excluded 
by  vital  or  mechanical  obstaclt  ^. 

Bacteria  are  always  present  in  tlie  alimentary  canal  of  healthy 
men  and  animals,  but  that  they  do  not  find  their  way  into  the 
blood-stream,  or  .if  so,  are  quickly  disposed  of,  hss  been  amply 
proven  by  the  negative  results  of  microscopical  examinations  and 
culture-experiments. 

In  tlio  form  of  septiccemia  in  the  rabbit  which  I  have  recently 
btndied,  /.  c,  I  have  invariably  found  an  abundance  of  micrococci 
in  the  effused  serum  in  the  sub-cutaneous  cellular  tissue  of  an  ani- 
mal recently  dead,  but  these  organisms  are  not  always  ibond  in 
the  blood,  and  my  observations  indicate  that  they  only  invade  the 
oirculating  fluid  during  the  last  hours  of  life.  Micro-organisms 
have  been  found  in  many  other  localities  without  their  presence 
•being  revealed  by  a  microscopical  examination  of  the  blood; 
«.  g.f  in  effused  liquids  in  the  pleural  and  peritoneal  cavities^  in 
pysemio  abscesses,  and  in  various  tissues  and  organs  of  the  body. 
I  have  qnite  recently  found  an  abundance  of  minute  bacilli  in  the 
substance  of  the  heart  of  a  rabbit,  which  (lie<l  :vs  the  result  of  the 
sub-cLituiicous  injection  of  a  contaminated  water  (unpublished  ex- 
periment). 

The  possibility  that  pathnfrenic  bacteria  may  become  parasitic 
iij»un  the  i)ronchial  mucous  membrane,  or  in  the  air-cells  of  the 
lun^s,  should  also  be  borne  in  mind.  But,  when  we  consider  the 
extent  of  the  alimentary  tract,  the  variety  of  substances  taken  as 
food  and  driuk,  and  the  ready  access  which  micro-organisms  have 
to  this  human  culture-apparatus,  kept  as  it  is  at  a  constant  tem- 
perature and  supplied  with  pabulum  suited  to  their  development, 
it  seems  proliable  that  this  is  the  locality  where  pathogenic  organ- 
isms may  most  frequently  find  the  conditions  ftvorable  to  their 
multiplication.  This  view  is  sup|K>rted  by  many  facts  connected 
with  the  epidemic  prevalence  of  pestilential  diseases,  and  it  is 
generally  admitted  that  patients  suflering  from  tyjilioid  fever  and 
cholera  may  sow  the  seeds  (germs?)  of  thew  diseases  in  the  dis- 
charges from  their  bowels. 

It  is  unnecessary  to  dwell  further  upon  the  possibilities  in  this 
direction  which  make  it  important  that  the  iMoterial  organisms 
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present  in  the  human  body  should  he  studied  by  modern  scieulitic 
methods — photograpliy,  isolation  and  cultivation  in  various  media, 
injection  into  animal.<^,  etc.,  etc,  but  I  will  refer  for  a  moment  to 
another  possibility  which  has  occurred  to  me,  which  should,  I 
think,  receive  the  attention  of  chemists  and  physiologists. 

What  ia  ihe  rSle  of  ikoie  muiro-^rrffanwM  iohkh  are  eoMUaUlg 
prewni  in  the  aHmenlary  oanal  of  mm  and  anmaUf 

The  ihet  that  they  are  parasites  does  not  ezdade  the  possibility 
of  their  playing  an  important  pliysiological  r6le  in  the  animal 
eooDomy. 

t  am  not  speaking  of  aoeidental  or  ooeawonal  parasites,  but  of 
those  which  have  probably  been  the  commensals  of  man,  and  of 
the  inferior  animals  frequented  by  them,  from  the  earliest  times. 
It  can  hardly  be  possible  that  in  the  process  of  evolution  the 
presence  of  the^e  parasites  has  had  no  intluence  upr)ii  tin*  host,  or 
tliat,  to  go  no  further  back,  in  the  gmdual  cliaiige  from  the  mode 
of  life  ami  habitij  of  a  nomadic  pavai^e  to  that  of  a  civilized  man, 
the  change  in  environment  lias  had  no  modilyiag  intluence  upon 
these  micro-organisms,  which  laboratory  experiments  show  to  be 
80  susceptible  to  changes  in  temperature  and  in  the  composition 
of  the  medium  in  which  they  are  placed. 

Tlie  question  ia  frequently  asked,  "If  bacteria  are  such  terrible 
things,  how  is  it  possible  that  we  can  exist  upon  the  earth  sur- 
rounded and  infested  as  we  are  by  them?"  Certainly  there  would 
be  an  end  to  all  animal  life,  or  rather  there  would  never  have 
been 'a  beginning,  if  living  animals  had  no  greater  resisting  power 
to  the  attacks  of  these  parasites,  which  by  numbers  and  rapid 
development  make  up  for  their  minute  siae,  than  has  dead  animal 
matter. 

On  the  other  hand,  but  for  the  power  of  these  little  giants  to 
pull  to  pieces  dead  animal  matter,  we  should  have  dead  bodies 

piled  up  on  all  sides  of  us  in  as  perfect  a  state  of  pres^ervation  as 
canned  lobster  or  pickled  tongue,  and  there  heiiiLT  no  return  to  the 
s<»il  of  the  materials  composing  these  bodies,  our  .s('«|ii()ias  and  oaks 
would  dwindle  to  lichens  and  moss^,  and  finally  all  vegetation 
would  disappear  and  the  surfUee  of  tlie  earth  would  be  a  barren 
and  des^olate  wilderness,  covere<l  only  with  the  iuauimate  forms  of 
successive  gcneratiuub  of  plants  and  animals. 
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Section  1. 

A  number  of  authors^  have  given  more  or  less  extended  aoconnts 
of  the  micro-organisms  found  in  the  human  mouthy  and  their 
accounts  agree  so  well  with  each  other  and  with  the  results  of 

my  own  observations,  that  I  should  hardly  think  it  necessary  to 
record  these,  but  for  the  fact  that  I  am  able  to  present  photojjraphic 
representations  of  tlie  organisms  describ(^d  lor  couiparisou  with 
the  illustrations       w  n  by  other  observers. 

The  special  advantages  which  I  claim  for  this  method  of  illus- 
tration are  set  forth  in  a  paper  containetl  in  the  last  volume  (1880) 
of  the  Transa(  ti(^ns  ot  die  American  Association  for  the  Advance- 
ment of  Science. 

I  would  espeeially  call  attention  to  two  recent  pa|>ers,  one  by 
Bntlin,  of  England,  and  the  otiier  by  Kuppin,  of  FraDoe^  both  of 
which  are  illustrated  and  show  carei'ul  study. 

'^Bemak,    **  Diagnoetisdie  and  pathologische  Untertt^uogeo."  Berlin, 
8.  221. 

Pfoff^r,  *(])er  Mundhdhlen-Kfttarrb."  fleole  u.  Pfeafer.  Ztchft.  f.  Kat. 
Hect,  Bd.  7, 1649,  s.  160. 

Miguel.   <<  Untersucbungen  dber  doi  Zungenbeleg."  Frager  Yiertol-Jahr- 

0chft.,  1850,  Bd.  28,  s.  44. 

Robin.    "Veg6Uux  Parasites."    Parle,  1853,  p.  846. 

NiedhaTdt  "  Mitthcilungen  ubor  die  Vfrrinderungen  der  Zunge  in  Kraak- 
hc'iten."    Arch,  il.  r  wissen»ch.  Ileill%iiri<I.-,  Bd.  V,  1861,  s.  294. 

Hyde  Salter.  Todd's  «*  Cyclopedia  of  Anatomy  and  Pbyaiology."  Art. 
*«Tojigna."  Vol,  IV,  pt,  2,  p.  1161. 

JiuUitr.  <*Dic  iiilaniticheii  Paratltan.*'  Leipsig,  1866. 

KoiUker.  «*Haiidbiicb  der  Gewebelehre.*'  file  AuDage,  1867,  bs.  848-649. 

Farlie  Clarke,  *<  Diaeaaee  of  the  Tongue."  lioadon,  1878,  p.  98. 

Billroth.   ««OoocobacteriaBeptica."   Berlin,  1874,  a.  94. 

MtoHn,     Le90iis  sar  lea  Humeura."  Paria,  1874,  p.  660. 

Koeh,  "Unfceraucbungen  uber  Bacteria.'*  Cohn*8  Beitrige  Eur  Pflansen, 
Bd.  II,  Hit  8,  a.  899. 

Butlin.    "  On  i)u''  Naturo  of  the  Fur  on  the  ToBgae."  Proc.  Royal  Soc, 

London,  Vol.  XXV HI,  p.  484. 

Rappin.  "Dee  Bacidriea  de  la  Bouche."  Xh^  de  Paris,  No.  144,  April, 
1881. 
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VoUedmg, — I  have  found  the  following  to  he  the  most  satis- 
iactory  method  of  ooliectiag  bacteria  for  ezamination  with  high 
powers  aDd  for  photogmphy. 

The  slightest  possible  smear  of  the  material  to  be  examined  is 
allowed  to  dry  apon  a  thin  glass  cover,  and  to  secure  a  saffioiently. 
uniform  layer,  it  is  tisaally  best  to  spread  it  while  moist  with  the 
end  of  a  glass  slide. 

Kat^al  is  obtained  from  the  month  by  scnii)ing  the  surface  of 
the  tongue,  or  of  the  teeth,  with  a  clean  instmment;  from  the 
female  vagina  by  a  speculum  or  digital  examination;  and  from 
the  mouth  of  the  male  uretlia  by  applying  a  thin  ^lass  <  over  di- 
rectly to  the  moist  mucous  membrane  at  the  extremity  of"  the  canal. 

StaimtKj. — A  five-cent  bottle  of  aniline  violet  ink  Inrnislies  an 
ample  supply  of  staining  ilnid  of  the  best  quality.  Two  or  three 
drops  ol"  this  placed  upon  the  thin  cover  will  yery  qtiickly— one 
to  three  minutcij — iijive  to  the  bacterial  organisms  attached  to  its 
surliftce  a  deep  violet  color.  The  cover  is  then  to  be  washed  by  a 
gentle  stream  of  pure  water  and  is  ready  for  immediate  examina- 
tion, or  may  be  mounted  for  permanent  preservation  over  a  shallow 
cell  containing  a  solution  of  potassium  acetate  (Koch's  method), 
carbolic  acid  water  (2-d  per  cent.),  camphor  water,  or  simply  dis- 
tilled water. 

Phaioffrapking, — To  make  satisfactory  photographs  of  the 
smallest  bacteria  it  is  necessary  to  use  a  staining  fluid  which  will 
give  stronger  photographic  contmst,  as  the  violet  is  transparent 
iar  the  actinic  rays.  I  have  employed  for  this  purpose  aniline 
brown  (recommended  by  Koch),  or  iodine  solution  (iodine  2-5 
grains,  potassium  iodide  q.  s.  to  dissolve,  distilled  water  100  grains). 

A  recent  writer  (Soubbotine*)  advises  the  use  of  osmic  acid  as  a 
fixing  solution  to  be  used  in  advance  of  stain  iug.  This  is  doubt- 
less desirable  when  specimens  of  blood  or  thin  sections  of  tissue 
containing  bacteria  are  to  be  examined,  as  the  normal  histological 
elements  are  better  shown,  hut  the  method  posesses  no  special 
advantages  no  ikr  m  the  deiiioiistration  of  vegetable  organisms  is 
concerned.    It  must  be  remembered  that  auiliue  solutions  oitea 

1  Arch,  de  Piija.,  2e  8^ri«,  VIII,  p.  470. 
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contain  a  grannlar  precipitate  which  might  be  mistaken  by  a 
novice  for  deeply  stained  mierococet. 

I  cannot  here  give  a  detailed  account  of  the  technique  of  the  art 
of  photo-micog^raphy,  but  will  sim|)ly  say  that  there  are  many 
diflBculties  to  be  overcome,  and  that  the  best  results  cau  only  be 
obtaiix'd  by  the  use  of  first-class  objectives  of  high  power,  and  by 
f^kilfiil  iijauipiilaiion  in  the  preparation  of  slides  and  pmioetioQ  of 
a  \vpll-(lefin(Hl  image,  sup|)lemenled  by  a  sufficient  knuwlixlcre  of 
the  lerluuipie  of  ])hotogra|)hy  to  en'sure  the  making  oi  weli-t  i  mi  d, 
well-developed,  and  properly  intensitrfnl  nei^atives.  For  one  \s  ho 
has  not  the  services  of  a  prn'-tifnl  ]>l)(>tographer  at  his  uumuiaud, 
the  dry-plate  process  offens  many  advantages. 

Oi^re-ev/wrtment*. — A  knowledge  of  the  life-historiea  and 
pbyaiological  propertiea  of  the  variotis  vegetable  parasites  which 
infest  the  human  body  can  only  be  obtained  by  well-devised  and 
carefully  conducted  culture-experitnents.  This  method  of  research 
is  still  iu  its  infano/y  but  it  has  already  given  valoable  results  and 
most  doubtless  be  our  main  reliance  Ifbr  the  advancement  of  science 
in  this  direction.  My  own  experiments  have  been  made  chiefly 
with  a  view  to  testing  methods  and  are  preliminary  to  more  ex- 
fended  studies  which  I  hope  to  make  in  the  fntare. 

Gultnre-cells  in  which  a  drop  of  fifiid — aqueous  hnmoor,  etc — 
containing  the  organisms  to  be  observed,  is  in  contact  with  a  thin 
glass  cover  and  surrounded  by  a  limited  quantity  of  air,  are  neefnl 
and  convenient  for  certain  purposes,  especially  for  the  continuous 
study  of  Bttcoeasive  stages  in  the  development — life-history— of 
bacterial  organbms.  But  the  method  of  Pasteui^-cultivation  in 
gross  in  sterilised  fluids  contained  in  glass  flasks— offers  decided 
advantages  so  flir  as  the  isolation,  preservation,  and  cultivation 
of  special  forms,  and  the  exclasion  of  atmospheric  &ferni<(  is 
concerned;  and,  also,  because  the  considerable  quantity  oi  lluid 
used  srives  material  tor  plivoiological  experiments* — injections  into 
animals,  ('t(;. 

The  m('th(>d  wfiich  I  have  found  most  satisfaetorv,  after  a  con- 
siderable number  of  experiments  with  various  forms  of  appnrauis, 
is  a  modifinition  of  that  of  Paiiteur  which  I  shall  proceed  to 
describe  in  detail. 

The  L'ultiire-lhisks  wliich  i  employ  are  shown  in  Fii:;nre  1,  Plate 
XT,  supported  in  sninl!  bottle^  in  the  position  in  which  they  are 
introduced  into  the  culture-oven. 
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The  larger  one,  in  tlic  centre,  is  made  from  a  Florence  ^la^k, 
the  litfck  of  which  has  l)een  drawn  out  into  a  capillary  tube  in  the 
flame  of  a  Bunsen  burner.  Tiie  smaller  Hasks  are  of  my  own 
munulacture,  and  are  made  from  glass  tubing  of  about  ]  inch 
diameter.  Beliows  operated  by  the  foot  and  a  flame  of  coa- 
8iderab]e  sise— -gas  or  alcohol — will  be  required  by  one  who  pro- 
poses to  construct  these  little  flasks  for  himsolfi  but  they  could 
doabtless  be  obtained  at  small  expense  from  any  thermometer- 
maker,  A  little  practice  baa  enabled  me  to  turn  out  twenty  or 
thirfy  in  an  hour^  and  I  have  found  it  much  easier  to  make  new 
tubes  than  to  clean  old  onee.  I  therefore  throw  them  away  when 
tbey  have  been  onoe  used. 

After  blowing  the  bulb  the  lower  end  is  drawn  out  in  a  capil- 
lary tube  and  hermetically  sealed  in  the  flame.  In  this  condition 
the  flask,  which  is  already  sterilised  by  heat,  may  of  course  be 
preserved  indefinitely,  free  from  contamination  by  atmospheric 
germs. 

To  introduce  a  liquid  into  the  flask,  heat  the  l)nlb  slightly, 
break  off  the  sealed  extremity  of  the  tube  and  piun»xe  it  beneath 
the  surface  of  the  liquid.  If  tlie  liquid  has  already  been  stej  iii/.cd, 
temporary  exposure  to  the  air  while  several  of  the  little  HiUiks  are 
briiiLX  filled  is  not  likely  to  result  in  the  introduction  of  atmos- 
pheric? germs — tor  any  organisms  which  fall  upon  tlic  surface  of 
the  liquid  will  be  arrested  there  for  a  time,  unless  they  are  sub- 
merged by  mechanical  means — stirring. 

I  have  found  it  best,  however,  not  to  trust  to  the  sterilization  of 
my  culture-liquid  previously  to  its  introduction  into  the  flasks, 
and  am  in  the  habit  of  filling  a  considerable  number  of  them  at 
one  time  with  filtered  ohicken-6(NM//iMi,  Oohn's  fluid,  hay-infusion, 
or  whatever  colture^fluid  I  may  desire  to  use;  and,  after  again 
hermetically  sealing  the  capillary  extremity  of  the  tubes,  sterilisa- 
tion of  the  contents  is  effected  by  heat. 

This  is  accomplished  by  placing  the  flasks  In  a  bath  of  oil, 
melted  parafine  or  concentrated  salt-solution,  and  maintaining 
them  at  a  temperature  of  about  105*^  C.  for  an  hour  or  more. 
Occasionally  a  flask  which  has  an  exceptionally  thin  bulb  will 
explode,  and  care  must  Im'  taken  by  the  operator  that  the  hot  oil  ib 
not  thrown  into  his  luce  by  such  an  accident.  This  possibility 
makes  it  desirable  that  a  bath  should  be  used  haviiig  a  fixed  hoil- 
ing-]>oiut  not  exceeding  105"^,  aud  which  consequently  does  not 
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require  vatehiug.   I  have  foond  a  ooooentiated  salt-solttiion  to 
fulfil  tbb  requirement. 

After  sterilizing,  the  flasks  are  washed  to  remove  the  salt-solu-  ^ 
tlon  from  their  surface.   They  are  then  placed  in  a  culture-oven 
kept  at  a  temperature  of  96-100''  Fah.  (86-38^  G.)  for  three  or 
four  days  to  test  the  suoeess  of  the  previoos  operation^-^terllin* 
tioD. 

If  the  liquid  contents  remain  transparent  and  no  mVcoderma 
has  formed  upon  the  surraoe  during  this  time,  the  flasks  may  be 
put  aside  for  future  use  ami  can  be  preserved  iudetinitely. 

The  proceas  of  sterilization  sometimes  causes  a  fiocnlent  pre- 
cipitate to  form  when  albuminous  fluids  arc  employed,  although 
they  iiiay  have  been  previously  boiled  and  filtered.  This  might 
Jead  to  the  suspicion  that  they  had  broken  down,  but  for  the  fact 
that  fin's  precipitate  is  already  present  when  the  flasks  are  intro- 
duced into  the  cnlture-oveu,  and  no  sul)?>e({uent  change  tnkos  place. 

To  inoculate  the  liquid  contained  in  one  of  these  flasks  with 
oi^nisms  from  any  source,  the  extremity  of  the  tube  is  broken 
off  with  forceps,  the  bulb  being  dependent,  and  by  the  applioattoa* 
of  gentle  heat — the  heat  of  the  hand  is  usually  sufficient — enough 
air  is  forced  out  to  cause  a  little  fluid  to  be  drawn  into  the  tube 
upon  immersing  its  extremity  in  the  liquid  and  allowing  the  air 
in  the  l)ulb  to  again  contract  by  cooling, 

A  Utile  experience  will  enable  the  operator  to  inoculate  one 
tuhe  from  another,  to  introduce  a  minute  quantity  of  blood  con- 
taining organisms  directly  from  the  veins  of  a  living  animal^  etc^^ 
without  any  danger  of  contamination  by  atmospheric  germs.  No 
other  nietliod  with  which  I  am  acquainted  offers  such  security  aa 
to  sterilization  of  the  culture-fluid  and  exclusion  of  foreign  germa; 
and  a  somewhat  extended  experience  in  a  recent  experimental 
study,  ''A  Fatal  Form  of  Septicemia/'  etc,  L  has  convinced 
me  that  it  has  also  decided  advantages  on  the  score  of  convenience. 

The  bottle  which  supports  the  inverted  flask  protects  the  capil- 
lary extremity  I'roui  dust,  and  lal>els  are  conveniently  attached  to 
it.  The  formation  of  a  mycudernia  ijpun  the  surface  of  the  fluid 
is  readily  recoj:;nized,  and  contained  organisms  soon  settle  to  the 
bottom  of"  the  tube.  Small  rjnantities  of  fluid  are  convenientlv 
obtained  lur  mieruseopical  examination  by  breaking  ofl'  the  end  of 
the  tube,  forcing  out  a  little  of  the  contents  on  a  clean  slide  aiul 
iiu mediately  sealing  tiie  extremity  again  in  the  tlame  of  a  lamp. 
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Allot ijcr  form  of  apparatus  wliich  I  Imvo  found  very  useful  is 
that  of  Lister^  a  slight  modification  of  which  i6  &iiowa  ia  Figure 
2,  Plate  XL 

In  the  apparatus  as  described  by  Lister  a  conical  wine-gla;»s 
contains  the  culture-liquid,  and  this  is  covered  by  a  circular  glass 
{ilate;  tlie  whole  being  protected  from  dust  by  &  bell-jar  which 
rests  upon  a  groaod-glass  plate. 

When  proper  precautions  are  taken,  a  sterilized  liquid  may  be 
preserved  in  this  apparatus  for  any  length  of  time  without  under- 
going perceptible  change.  I  have  used  a  bell*8hai)ed  glass  cup 
having  a  stem  drawn  out  and  sealed  in  the  flame  of  a  Bunsen 
burner^  in  preference  to  a  wine-glass,  as  it  is  more  easily  sterilised 
by  heat  wtthoot  danger  of  breakage.  This  is  supported  by  a 
bottle  as  shown  in  the  figure,  and  I  have  commonly  dispensed 
with  the  use  of  a  glass  cover,  the  use  of  which  is  directed  by 
Lister,  as  I  have  not  fouud  this  to  be  essential  to  the  success  of 
my  experimentii. 

Section  11. 

Deienptum  of  JPUUea,  Memarks  upon  Morphology^  elo. 

The  inobt  couspifuous  ve2:ctnble  orjranism  found  in  the  healthy 
hunmn  month,  and  the  one  wiiicli  will  usually  first  attract  atten- 
tion u[)on  microscopical  examination  with  low  powers,  is  the  well 
known  LtpUAkrix  bucealis^  Robin.  This  I  have  never  failed  to 
find,  in  greater  or  lees  abundance,  in  material  scraped  fr  rn  the 
aurfaoe  of  the  tongue,  or  in  accumulations  dislodged  from  between 
the  teeth.  OAen  it  is  found  in  tufts  and  masses  which  indicate  a 
vigorous  growth,  and  again  it  may  only  occur  in  the  form  of  short 
rods  sparsely  intermingled  with  the  normal  histological  elements 
of  the  saliva,  as  shown  in  Figure  2,  Plate  XII L  But  in  this  case 
it  is  probable  that  a  careful  search  would  reveal  the  presence  in 
the  mouth  of  tlie  microscopic  plantations  and  garden-beds  from 
which  these  fragments  were  detached. 

As  might  be  expecteil,  those  who  make  frequent  use  of  the 
tooth-brush  leave  less  soil  u|><)n  the  surface  and  in  the  interstices 
of  the  teetli  lor  the  growth  of  this  ancl  olher  vegetable  parasites. 
Ko  amount  of  care,  however,  will  keep  the  mouth  entirely  Irce 
from  tliem,  and  the  obscrvatiouH  of  Butlin  (/.  c.)  show  that  the  fur 
upou  the  tongue,  which  is  rarely  entirely  abseut  even  in  healthy 
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individuals,  Is  id  great  part  made  op  of  this  and  otiier  vegetable 

parasites.* 

In  Figure  1,  Plate  XII,  several  filaments  of  Leptothrix  aru 
shown  in  which  evidence  of  breaking  up  into  joints  is  seen  ;  and 
in  Fig:nre  2  of  the  same  plate  we  have  n  ui  i-s  ut' jointed  filaments 
that  ^jceni  rather  to  come  umlcr  tlie  dciliijiioii  of  Bacillus  thnn  of 
Leptothrix,  as  given  by  Magnin  iu  accordance  with  the  cla«sijicatioii 
of  Cohn.  This  author  says:  "The  Leptothrix  ditfer  from  the 
jBacilli  by  their  filaments  being  very  long,  adbereut,  very  elendefy 
and  indistinctly  articulated." 

These  characters  seem  to  me  to  be  very  ancertain  and  unsatis^ 
factory,  inasmuch  as  BaaUbiM  tubUUa  aod  B,  anihraeia^  in  one 
stage  of  their  development,  are  very  Umg  and  dendtr  and  wdi§» 
Unetfy  ariieiMed,  and,  on  the  other  hand,  we  have  here  a  Lep- 
tothrix brolLen  op  into  very  distinct  joints  not  distinguishable 
from  those  of  Bacillus. 

The  filaments  represented  in  Figure  1  are  from  a  specimen  of 
saliva  obtained  directly  from  my  own  mouth,  while  those  in  Figure 
2  were  developed  iu  a  culture-apparatus  of  special  construction 
(see  below)  in  which  a  constantly  renewed  supply  of  pabulum — 
chicken-6oui//on — was  passed  throuprh  a  small  chamber,  freely 
supplied  with  air,  containinc]^  saliva  scraped  from  the  surface  of 
my  tongue.  Butiiu  did  not  succeed  in  his  eiforts  to  cultivate  this 
organism.  He  &^ys:  made  many  attempts  to  separate  them  in 
order  to  produce  this  fungus  in  a  purer  form  by  cultivation,  but 
did  not  succeed  in  doing  so.  Although  this  fungus  did  notde* 
velop  under  artificial  conditions  in  the  presence  of  micrococcus 
and  other  fungi,  it  is  highly  probable  that  its  development  takes 
place  freely  upon  the  sorfiuse  of  the  tongue," 

It  seems  probable  that  my  success  in  the  experiment  above 
mentioned  is  to  be  attributed  to  the  constantly  renewed  supply  of 
pabulum  and  the  free  access  of  oxy (^en ,  conditions  which  are  cer- 
tainly present  in  the  mouth,  where  tlie  surfaces  upon  which  this 
parasite  grows  are  constanily  bathed  with  saliva  and  suppliecl  with 
air.  The  author  above  quote^l  is  of  the  opini  n  that  the  urgauism 
in  question  is  identical  with  Bneifhis  subtUiSf  and  in  certain  cases 
he  observed  ^' highly  refractive  spherical  bodies  which  appeared  to 
be  spores''  in  some  of  the  filaments.   1  have  also  observed  short 

1  Butlin  foand  *'on  66  bealtby  tongues — fiir  on  all  except  od«w  On  178 
tongnen  of  person*  tuffering  from  diMMO  or  aooideni— fur  on  all  except  two." 


Digitized  by  GoogL 


BA  CTERIA  IN  HEAL  TH  Y  INDI VID  UAL3.  1«» 


rods  containing  a  single  spore  at  one  extremity  in  speeimeiiB  of 
my  own  saliva  examined  in  New  Orleans  during  the  sammer  of 
1880.  But  at  this  time  similar  rods  with  spores  were  abundaot 
in  certain  culture-fluids  in  my  laboratory,  and  I  supposed  these  to 
be  BacUU  accidentally  present  in  my  mouth  and  differing  from 
the  common  Leptothrix  buccalh.  This  is  a  question,  howeveTi 
which  can  only  be  determined  by  culture-experiments,  and  I 
would  suggest  that  the  best  way  to  settle  it  would  be  to  cultivate 
the  Leptothrix  in  an  artificial  saliva  constituted  as  nearly  as  pc»- 
sible  like  normal  saliva — but,  of  course,  without  the  histological 
elements — and  in  a  culture-apparatus  such  as  was  used  in  my 
single  experiment  above  referred  to.  This  apparatus  is  made  as 
follows:  A  glass  reeeivci  .1  having  two  eapiilary  tubes,  one  a  to 
admit  air,  and  oue  b  to  permit  tlie  gradual  escape  of  the  eontaine<l 
culture-fluid,  is  supported  by  the  bent  tube  C,  wliicli  is  maintained 
in  an  U|Jiight  position  by  being  tied  to  the  cork  of  a  bottle  /i, 
wliich  answers  as  a  sii[>part  for  the  aj)panitU8.  Mercury  may  be 
placed  in  this  bottle  lo  ^ive  it  steadiness.  The  bent  tube  C 
has  a  rciiervoir  e,  which  is  freely  exposed  to  the  air  by  means  of 
the  opening  i.  The  organism  to  be  cultivated  is  introduced  into 
this  reservoir.  The  ovei*flow  from  e  is  nceiveii  in  the  beaker  D, 
2Co  attempt  is  made  to  exclude  atmospheric  germs,  as  the  object  of 
the  apparatus  is  to  supply,  as  nearly  as  possible,  the  identical  con- 
ditions found  in  the  human  mouth. 
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My  observations  have  not  been  sufficiently  extended  tojostifj 
rae  in  an  attempt  to  di>i>cribe  all  of  the  nrt^nntsms  which  arc  oeea- 
sionally  found  in  the  liiimau  Rioutli,  and  I  sliall  only  refer  briefly 
to  the  fact  that  the  recorded  observations  of  niicroseopists  indicate 
that  nearly  every  common  bacterial  organism  known  is  sometimes 
fonnd  in  this  situation.  This  ia  no  more  than  we  shouhl  expect,  as 
the  germs  of  these  various  organisms  arc  widely  distributed  in  the 
atmosphere  and  must  be  deposited  upon  the  moist  mucous  mem- 
brane during  inspiration.  Their  development  here  will  of  ennrse 
depend  upon  wiiether  the  conditions  arc  favorable  or  otherwise. 
As  these  conditions  vary  within  certain  limits,  we  naturally  find 
at  different  tiroes  and  in  different  individuals  a  variety  of  organ- 
isms  present  in  the  buccal  secretions  differing  from  those  common 
forms  which  observations  made  at  distant  points '  show  to  be  con- 
stantly present  under  normal  conditions. 

Among  the  varying  conditions  found  in  the  months  of  indi- 
viduals considered  healthy  may.  be  mentioned,  a  greater  or  less 
abundant  flow  of  caliva,  a  difference  in  the  reaction  of  this  fluid, 
the  presence  of  decayed  teeth,  various  habits  as  to  food,  drink,  use 
of  tobaoco,  etc.  The  variety  of  odors  to  be  detecte<l  in  the  breath 
is  sufficient  to  show  that  conditions  may  vary,  and  it  may  be  that 
a  sufficiently  thorough  research  would  result  in  the  establishment 
of  a  causal  relationship  between  the  presence  of  certain  oi^nisms 
and  the  jiecoliar  and  offensive  odors  referred  to. 

When  engaged  in  the  microscopical  examination  of  foul  gutte^ 
water  and  in  culture-experiments  with  various  putrifying  organic 
substances,  in  New  Orleans,  La.,  during  the  autumn  of  1880,  I 
not  infrequently  found  nearly  every  organism  in  my  own  mouth 
which  was  present  in  the  putrifying  liquids  under  examination, 
including  Badenum  iet-mo,  Saeittug  auUUis,  SjnriUum  undula,  and 
a  variety  of  minute  spherical  and  rod-like  forms  difficult  to  classify 
except  under  the  general  heading  of  micrococci  and  bacteria. 

A  8piroek€Bie  not  distinguishable  from  S,  Obermeieri  of  relaps- 
ing fever  has  been  repeatedly  observed  by  microscopists,  but  I  have 
not  myself  met  with  it. 

The  BaeiUw  shown  in  Figure  3,  Plate  XII,  I  have  reason  to 
believe,  from  the  frequency  with  which  I  have  found  it^  is  almost 

1  Robin,  fiitlrotl),  Butlln,  Bappin,  and  tbo  other  authors  referred  to  on 
page  168. 
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as  commonly  present  in  tho  healthy  hutnttn  month  as  is  the  larger 
and  more  widely  known  LeploihriXp  or  Baeillm,  already  de- 
scribed. 

This  minute  organism ,  which  would  hardly  be  mognixed  with- 
out staining  and  the  use  of  high-power  objectives,  is  also  found  in 
normal  fsecea,  if  we  can  trust  to  the  morphological  resemblance 
wbidi  will  be  seen  by  a  reference  to  Figures  5  and  6,  Plate  XIII, 
in  which  the  ampHlieatton  is  the  same  (1,000  diameters). 

Figure  3,  Plate  XII,  is  from  a  cnUnre-exi>eriment  in  which 
aold  iiialt-extract  (sterilized  and  tested  in  enlture-oven)  was  iuoeu- 
Uu'd  with  a  little  saliva  from  my  own  nioulli. 

In  Fij^tne  4,  Plate  XII,  a  fragment  of  an  epithelial  cell  from 
tlio  rnouili  of  Dr.  K.  is  shown.  The  nucleus  of  tlie  cell  is  seen  at 
tho  upper  portion  ot  the  fjirnre,  near  tlii.s  some  granules  rrsnnhling 
micrococci,  and  on  the  margiu  of  the  cell  a  mass  of  rod-bacteria— 
probably  B,  to-mo.  Referring  again  to  Plate  XIII,  Figures  5 
and  6,  we  see  that  this  forni  also  is  found  in  normal  fieces.  To 
soGonnt  for  the  presence  of  these  organisms  in  the  alimentary  canal 
we  have  only  to  suppose  that  fully  developed  bacteria,  or  their 
unrecognized  germs,  can  withstand  the  action  of  the  digestive 
fluids  in  the  stomach  and  the  up{>er  portion  of  the  intestines,  and 
that  those,  found  in  the  lower  bowel,  are  the  direct  descendants  of 
those  habitually  present  in  the  mouth,  or  of  others  taken  into  the 
stomach  with  food  and  drink. 

Another  organism  which  I  have  found  quite  constantly  in  speci- 
mens of  saliva  from  healthy  mouths,  although  never  ii»  any  con- 
siderable abundance,  is  shown  in  Figure  5,  Plate  XII.  This 
sr  iiw  to  be  a  iSVrrcina  and  is,  perliaps,  i(h'ntiral  with  S.  veiifricuii^ 
aldi  High  it  prcsc!)tH  n  Fomewbat  different  appearance  as  to  form 
and  grouping  from  this  organism,  as  shown  in  a  specimen  from  the 
stomach  in  my  possession.  I  have  frequently  observed  little  clus- 
ters of  this  surciua-like  organism  attached  to  the  surface  of  epi- 
thelial cells  in  my  own  saliva  and  that  of  others,  but  to  obtain  it 
in  abundance  I  have  l>een  obliged  to  resort  to  culture-experiments. 
The  figure  here  given  is  from  a  specimen  obtained  by  cultivation 
in  acid  malt-extract.  This  organism,  as  well  as  the  bacillus  shown 
in  Figure  3  of  the  same  plate,  multiplies  luxuriantly  in  this  fluid 
when  kept  at  a  temperature  of  36^  C.  It  may  be  remarked,  en 
passant^  that  acid  malt-extract  (a  dilute  solution)  is  not  unlike  the 
acid  fluid  ejected  from  the  stomach  ia  cases  of  obstiuate  vomiting 
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attended  with  the  abandant  developraeot  of  BarwM  ventriewU  in 
the  Btomach. 

Figure     Plate  XII,  represents  a  microcoociis  which  possesses 

an  especial  interest  because  of  its  abnndant  and  constant  preeenoa 
in  the  lumian  moutli  and  because  it  has  been  shown  to  posses*? 
patho«:enic  properties  when  injected  beneath  the  skin  of  a  raUbil. 
This  iaut  has  been  broui^^ht  to  light  by  recent  experiments  made 
independently  by  Pasteur  in  France,'  and  by  myself  in  this  country,* 
and  since  confirmed  by  Vnlpian.* 

The  plate  accompanying  the  paper  in  which  I  give  an  account 
of  the  experimental  researches  referred  to  is  headed  Micrococcus 
septicuSf  Colin."  When  this  paper  was  written  I  thought  it  prob- 
able that  the  organism  represented  in  my  photo-micrographs  was 
identical  with  the  microoooeus  described  hy  Cohn  and  other  ob- 
servers nnder  this  name.  I  pointed  ont,  however,  that  this  micro- 
coccus is  larger  than  that  described  by  Cohn  as  M,  M^pftbus,  the 
diameter  of  which  is  given  as  0.5/i,  while  the  organism  in  q nation 
measures  veiy  nearly  1  /u  I  have  since  met  with  a  smaller  septic 
microcooctts  which  corresponds  with  Cohn's  measurements,  and  am 
now  inclined  to  believe  that  the  micrococcus  found  in  the  human 
month  is  adistinct  species,  or  at  least  a  well  established  vai  i(  ry, 
<lit!'ering  in  size  but  iiaving  nearly  the  same  physiological  uciiou 
as  the  Jf.  sepiioua  of  Cohn/ 

1  (?nnipu's  rfindus  Ac.  d.  Sc..  1881,  XCII,  p.  160. 

2  Bulletin  National  Board  of  Heultb,  April  3Uth,  18S1. 
s  BttU.  dePAcHd.  de  MM.,  March  29th,  1881. 

*  The  aoiAll^r  ieptic  micrococcus  above  referred  to  was  found  under  the  fol* 

lowinjEC  oircomstances : 

Kxi'KUiNfKMT  No.  1,  nuUimore,  Md  ,  July  Oth.  1881.— Trijoctr-d  b<  ncnth  the 
hkiri  of  !i  small  rubhii  h  little  material  ?»crnptKi  from  thi;  imuous  mumbrHne  of 
tho  inti'ifitinu  of  u  rabbit  jiust  dead.  (Thid  rabbit  died  from  an  experiintantal 
injection,  not  yet  reported,  made  for  Professor  Mallet  of  the  Uniyersity  of  Vir- 
ginia. It  presented  upon  post-mosteni  examination  evidence  of  enteritis.) 
Result:  Found  dead  at  8  A.  M..  July  10th.  Diffuse  cellulitis  extending  from 
point  of  iiijii  fion;  abundance  of  minute  micrococci  in  serum  from  cullulnr 
ti*>'ur  iind  in  h'lDod  from  axillary  v<^in  ;  livor.  hoart,  and  lungs,  normal;  apleen. 
enlarged  uitd  ^of't,<.'(t('d,  but  contuiu^  nu  pigment. 

ExrKRiMKNT  No.  2,  July  10th. — A  bypudermic  syringe  point  was  dipped  in 
the  blood—from  femoral  vein— of  this  rabbit  and  introduciNl  under  the  akin  of 
rabbit  Ko.  JfUmtlf:  Thi*  rabbit  was  found  dmd  the  following  morning  mt 
8.80,  and  a  post-mortem  examination  was  made  at  once  with  the  following 
result:  Diffn-f'  <*oll(iliti'?  with  heniorrliagic  exlravaaBtTorre  under  the  skin; 
biuud  from  ftuperticial  veins  full  of  micrococci ;  spleen  enlarged,  softened,  diu>k 
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In  Figare  6>  Plate  XII^  the  mieroooociis  from  the  mouth  is 
seen  as  obtained  by  cultivation  (in  chioken-AottiUbn  inoculated 
with  saliva)  in  the  form  of  apparatna  described  on  page  169^  in 
which  provision  is  made  Ibr  a  constantly  renewed  supply  of  the 
culture-fluid. 

A  vigorous  development  is  shown  by  the  grouping  in  long . 
torula-chains  and  in  sooglcea  masses.  In  Figure  5,  Plate  XI,  the 
same  organism  is  shown  as  found  in  a  culture-flask  similar  to  those 
shown  in  Figure  1,  Plate  XI.  In  this  case  the  culture-fluid  was 
inoculated  with  a  small  quantity  of  blood  taken  directly  from  the 
vessels  of  a  rabbit  just  dead  as  the  result  of  a  sub-cutaneous  injec* 
tion  of  saliva. 

The  drop  of  blood  used  to  inoculate  the  culture*fluid  contained 
the  form  shown  in  Figure  6,  Plate  XI,  which  diflers  from  that 
shown  in  Figure  6  and  in  Figure  6,  of  Plate  XII,  in  having  a 
broader  areole  of  transparent  material.  Identity  is  proved,  how- 
ever, by  the  fact  that  it  is  directly  descended  from  the  last  form 
(Figure  6,  Plate  XII)  and  that  the  first  (Figure  5,  Plate  XI)  of 
which  it  is  the  progenitor  is  morphologically  identical  with  that 
from  which  it  originated.  A  reference  to  Figure  3,  Plate  VII,  in 
my  translation  of  Magnin's  work,  '*The  Bacteria/'  will  show  this 
micrococcus  upon  an  epithelial  cell  obtained  directly  from  my  own 
mouth.  Here  also  I  detect  no  morphological  differ^ce  from  the 
form  obtained  by  cultivation  in  a  bomUUm  made  from  the  flesh  of 
a  chicken  or  of  a  rabbit. 

The  fiust  that  this  rnkvococons  Is  the  most  common  organism 
found  in  the  human  mouth  and  that  it  has  been  described  by 
several  observers  at  distant  points  may  seem  difficult  to  reconcile 

colored,  hat  ronnded  edgei ;  Itvw  light  eolorod ;  lunp  coDgMlod  and  preient 

numerous  points  of  hemorrhagic  infruction. 

KxpKRiMKM  No.  3,  July  11th. — A  hypodermic  syringe  pcedlo  was  dippod  in 
blood  from  lt*ft  auricle  of  rabbit  No.  2  and  introduced  under  the  skin  of  a  small 
mbbft  (No.  8).  BmuU  t  This  rabbit  died  at  4.80  P.  M  ,  .July  18th.  but  oircum. 
ctances  prevented  me  from  making  a  careftil  poet* mortem  examination,  and  I 
have  not  since  had  an  opportunity  to  make  a  more  extended  study  of  tliis  form 
of  septicaemia,  which,  so  far  a.s  I  run  able  ttt  juili:«^  from  the  experiments  made, 
differs  sotnowbat  from  the  form  previously  .«tudied  by  me  (/.  c  ).  The  spleen 
vas  noiao  much  enlarged  and  waa  aofter,  with  roaaded  edges,  corresponding 
with  the  apleen  of  lepticmnia  as  described  by  Kiefaa  and  Tommasi^Cradeli,  in 
their  memoir  up<in  the  nature  of  malarial  fever  (Studi  sulla  Natura  della  Ma- 
InriH,  Hnma,  lb79j.  Xbs  inflammatory  oedema  or  "ditt'ute  cellulitis"  was  also 
less  marked. 
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with  the  fact,  rooently  developed,  that  to  its  presence  is  due  the 
txeepiional  virulence  of  Uie  saliva  of  certain  individuals.  It 
acGorde,  however,  with  the  results  of  recent  investigations,  which, 
as  al really  stated  in  the  introduction  to  this  pa|>er,  indicate  that 
pathogenic  organisms  may  differ  greatly  as  to  their  virulent  prop- 
erties as  the  result  of  different  conditions  relating  to  their  environ- 
ment acting  upon  successive  generations. 

My  observations  lead  me  to  believe  tliat^  iiaving  a  suitable 
medium,  a  proper  tem|Mrature,  and  a  sufficient  supply  of  oxygen, 
the  development  or  intensification  of  pathogenic  properties  de^iends 
to  a  great  extent  upon  an  abundant  and  constantly  renewed  supply 
of  pabulum.  Now  this  is  a  condition  which  differs  greatly  in  the 
moutlis  of  different  individuals.  In  my  own  case  there  is,  and  has 
been  from  my  earliest  recollection,  a  verj  copious  secretion  of 
saliva.  This,  according  to  my  view,  accounts  for  the  exceptional 
virulence  which  my  expcrimenta  show  it  to  possess,  and  is  in  con- 
formity with  the  principles  of  natursl  selection. 

Rapid  multiplication  is,  I  infer,  an  evidence  of  vigor.  Now  it 
is  evident  that  in  a  natural  culture^apparatus  like  the  human 
mouth  the  rapid  flow  of  saliva  by  which  contained  organisms  ait 
constantly  washed  away  will  have  a  tenden<7  to  sort  out  those 
which  develop  slowly  from  those  which  develop  rapidly,  and  that 
the  former  will  tend  to  disappear  entirely,  while  the  latter  by 
virtue  of  their  rapid  multiplication  will  survive  and  the  tendency 
will  constantly  be  to  a  further  development  of  this  property  of 
rapid  multiplication.  My  culture-experiments  have  shown  me 
that,  in  fact,  this  particulai'  micrococcus  does  multiply  with  gniat 
rapidity,  and  that  by  virtue  of  this  quality  it  has  the  precedence 
over  Bacterium  lermOf  the  presence  of  which  in  any  considerable 
number  seems  to  bi  fiital  to  it. 

This  rapidity  of  multiplication  is  shown  by  the  fact  that  the 
sub-cutancous  injection  of  a  minute  quantity  of  the  material  con- 
taining it — in  the  rabbit— results  within  24  to  48  hours  in  the 
development  of  an  infinite  number  of  micrococci  in  the  effused 
serum  in  the  cellular  tissue,  and  in  the  blood  of  the  animal,  where 
they  ihr  outnumber  the  normal  oorpusctilar  elements.  In  ray 
culture-flasks,  also,  a  minute  drop  of  this  blood  gives  rise  within 
a  few  hours  to  the  development  of  such  a  number  of  micrococHii 
that  the  fluid  contents  of  the  flask  are  invaded  throughout  and  the 
pabulum  needed  for  a  continued  development  is  exhausted.  I 
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suspect,  then,  that  this  is  the  simple  explanation  of  the  phenome- 
non in  question — exceptional  virulence — and  I  am  inclined  to 
think  that  the  modus  operandi  of  the  action  of  these  pathogenio 
organisms  is  also  to  be  explained  hy  the  possession  of  this  capaci^ 
for  rapid  multiplication. 

Nature  has  placed,  or  in  other  words  evolution  lias  developed, 
in  the  living  tissues  ol'  animals,  a  resisting  power  against  the 
encroachments  of  bacterial  organisms  invading  and  surrounding 
them,  which  is  sufficient  for  ordinary  emergencies.  But  when  the 
vital  resistance  of  the  tissues  is  reduced,  on  the  one  hand,  by 
wasting  sickness,  profuse  discharges,  etc.,  or,  on  the  other,  the  vital 
activity  of  the  invading  parasitic  organism  is  increased,  the  balance 
of  power  rests  with  the  infinitesimal  but  potent  micrococcus.  The 
rapid  multiplication  of  a  micro-organism  introduced  ben^th  the 
skin  of  an  animal  is  also  an  advantiige  in  its  favor  in  the  way  of 
forestalling  the  restraining  influence  of  the  inilammatory  process, 
whicli  is  a  provision  of  nature  for  building  up  an  impenetrable 
wall  around  the  invader  and  thus  circumscribing  its  iield  of  ope- 
rations. 

Experiment  has  demonstrated  that,  by  some  unknown  mech- 
anism, the  ordinary  bacteria  of  })Utrefuction  and  under  certain 
circumstances  even  pathogenic  organisms — e.  f/.  after  protective 
inoculations  with  tlie  micrococcus  of  chicken-cholera  or  the  bacillus 
of  anthrax — may  be  introiluccd  directly  into  the  circulation  with- 
out the  production  of  evil  consequences,  and  that  after  a  short 
interval  microscopical  examination  does  not  reveal  their  prt^ence 
in  the  blood.  It  is  evident  that  here  too  a  capacity  for  rapid  mul- 
tiplication and  the  introduction  in  the  first  instance  of  a  considerable 
number  will  be  circumstances  favorable  to  the  [larasite  and  may 
enable  it  to  get  the  start  of  nature's  provision  for  getiiug  rid  of  it. 

KoTS.— 'Il  liaa  ocearred  to  me  tbat  poMiblj  the  white  corpuscles  may  have 
fhe  office  of  ptekiog  op  mod  digesting  beeterial  orgentoms  when  by  any  means 
they  fln  l  t1  (  ir  way  into  the  blood.  The  propensity  exhibited  by  the  Ictimcytes 
for  picking  up  inor£rnniV  granules  is  well  known,  and  that  tli' v  miiv  be  nhlo 
not  only  to  pick  up  but  to  assimilate,  and  so  dispose  of,  the  bacteria  w  liich  como 
in  their  way  does  not  leen  to  me  very  improbable  in  view  of  the  fact  that 
anuBbae,  which  reiemble  them  ao  deeely,  f(Md  opon  baoteria  and  similar  or« 
ganlsms. 

Reference  has  already  been  made  to  Figures  6  and  6,  Plate 
XIII,  represeating  the  oommou  bacterial  organisms  found  in 
ft 
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nonnal  human  feces  at  the  momant  of  their  being  discharged  from 
the  rectum.  The  photo-micrographs  tell  the  story  of  the  abua- 
daoce  and  variety  of  these  organisms,  but  the  present  slate  of 
knowledge  does  not  admit  of  an  attempt  to  determine  their  pby* 
siological  r6le  in  the  human  economy.  That  their  ooostant  pres- 
ence in  the  alimentary  canal  is  a  fiict  without  import  it  is  difficnit 
to  believe  in  view  of  their  demonstrated  capacity  for  breaking  up 
complex  orgaoio  substances  external  to  the  body  in  the  process  of 
their  growth  and  functional  activity. 

Figure  4,  Plate  XHI,  shows  an  epithelial-cell  and  bacteria  from 
the  orifice  of  the  male  urethra.  By  gently  separating  the  lips  of 
the  urethra  and  applying  a  thin  glass  cover  to  the  moist  mucous 
membrane^  good  specimens  are  readily  obtained  of  the  ofganisms 
commonly  found  in  this  locality. 

The  researches  of  Lister  and  my  own  experiments^  shortly  to  be 
detailed,  indicate  that  the  healthy  human  bladder  is  free  from  panu 
sitio  vegetable  organisms,  and  it  is  probable  that  those  organisms 
found  at  the  extremity  of  the  urethral  canal,  being  aerobic^  do 
not  extend  any  considerable  distance  beyond  the  orifice. 

Lister  has  shown  that  urine  drawn  from  the  healthy  human 
bladder  with  proper  precautions  may  be  kept  indefinitely  without 
nndeigoing  change,  and  Pasteur  as  long  ago  as  1862  (Ann.  de 
Chemie  et  de  Physique,  1862,  p.  52.  Comptes  rendus  Ac.  de  Sc., 
LYIII,  1864,  p.  210)  claimed  that  the  alkaline  fermentation  of 
urine  is  due  to  the  presence  of  a  mioro-organism — ^Ifterocooeiit 
«re(e,'Cohn.  This  organism  is  described  by  Magnin  as  follows:^ 
"Oval  cells,  isolated— diameter  1.5//  (Pasteur),  1.2  to  2/i  (Cohn)' 
or  united  by  2,  4,  to  8  ijmuXa)  in  a  line,  straight,  curve<l,  zigzag, 
or  even  in  cross^form.  In  urine  of  which  it  transforms  the  urea 
into  carbonate  of  ammonia  (Pasteur)." 

My  photo-micrographs,  Figures  3  and  4,  Plate  XI,  show  what 
I  believe  to  be  the  organism  in  question.  The  group  in  Figure  3 
answers  very  nearly  to  the  measurement  given,  while  the  arrange- 
ment shown  in  Figure  4  corresponds  with  that  in  Cohn^s  drawing' 
(Beitrage  zur  Biologic  der  Pflanaen,  Band  I,  Heft  2,  Taf.  Ill), 
although  the  micrococcus  in  this  figure  is  smaller.  It  is  possible 
that  we  have  here  two  different  organisms,  but  I  am  inclined  to 
believe  that  the  difference  in  size  is  due  simply  to  the  fact  that 

1  Tbe  Bacteria.   Little,  Brown  ^  Co.,  Boston,  1860. 
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different  stajr*^  of  development  arc  represented,  Figure  4  showing 
an  aetivo  in  luting  stage  and  Figure  3  a  grouping  of  the  mioro- 
coecus  in  ni:i  ^es  after  the  completion  of  the  transformation  of  the 
ureji.  A  <iilference  in  the  size  of  iuiliviiln  il  mierocoeci  will  he 
noticed  in  Figure  4,  and  it  must  l)e  admitted  lluil  in  ph()togiii}>liing 
the.se  riiiiiutc  organisms  with  high  powers  a  very  slight  dilference 
in  focal  adjustment  makes  a  difference  in  tlie  appureul  size  oi'  liic 
organism.  Too  much  stress  should  not,  therefore,  he  placed  upon 
slight  differencewof  measurement  as  reported  by  ditferent  observers 
and  ol'tained  by  different  metiiod-s. 

I  call  attention  to  the  fact  that  this  micrococcus  has  a  well  de- 
fined outline  and  does  not  present  the  appearance  of  being  sur- 
rounded by  an  aureole  such  as  is  ser^n  in  Figuresi  5  and  <j  of  tiic 
same  plate.  This  is  an  additional  proi)f  that  this  aureole  is  not 
the  result  of  diffraction,  hut  that  it  re|)n»sents  a  transparent  sub- 
stance enveloping  the  microtoecus,  (See  remarks  on  page  18  of 
Special  Report  on  "A  Fatal  Form  of  Septic:emia,"  etc.  ile- 
printed  from  National  Board  of  Healtii  liulletin,  /.  c.) 

The  following  experiments  are  reported  here  as  relating  to  tiie 
r^le  of  this  micrococcus,  which,  notwitlistanding  the  researches  of 
Pasteur,  Lister,  and  others,  is  not  perhaps  generally  admitted  by 
chemists  and  physiologists  to  be  un  fait  Clabli. 

Having  repeatedly  denu)n8trated  the  presence  of  micrococci  at 
the  mouth  of  the  male  urethra  and  knowing  that  Lister's  experi- 
ments indicate  tlmt  urine  as  contained  in  the  healthy  blatltler  is 
iree  from  bacterial  contamination,  it  occurred  to  me  thai  in  passing 
urkie  from  a  full  bladiler  the  first  puriion  of  the  stream  might 
wash  away  detached  epithelial  cells  and  bacterial  organisms,  and 
that  the  last  portion  being  received  in  h  st«'ri!i/*'d  (iask  might  give 
evidence  of  freedom  from  these  organismti  by  remaining  unchanged. 
Accordingly  I  made  the  following 

ExPEHiMi  NT,  Baltimore,  Md.,  June  25th,  1881. — Two  hell- 
shaped  glas->  ( ii[)3  were  sterilized  in  the  flame  of  a  Bunsen  burner 
and  f)lacf*d  under  clean  bell-jars  in  the  position  shown  in  Figure 
2,  Plate  Xi  (Lister's  Apparatus).  I  then  desiretl  my  ai^sistant  to 
pass  a  small  quantity  of  urine  into  No.  1  from  the  first  portion  of 
the  flow  and  into  No.  2  from  the  last,  removing  anrl  replacing  the 
IniU-jars  as  expeditiously  as  possible.  Result,  June  30tli :  No.  1  is 
turliid,  has  a  considerable  sedimentary  deposit  and  is  decidedly 
alkalioe*    No.  2  remains  perfectly  trauspareut,  has  no  sedimentary 
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deposit  and  is  acid.  No.  1  contains  an  abundance  of  the  micro- 
cocci  shown  in  Figures  3  and  4»  and  No,  2  b  free  from  organisms. 
A  single  drop  taken  up  from  the  bottom  of  No.  1  by  means  of  a 
pipette  was  allowed  to  fall  in  No.  2.  The  foHowing  day  No.  2 
was  turbid,  had  an  alkaline  reaction  and  contained  an  abundance 
of  Micrococcus  urece. 

This  experiment  can  not  be  expected  to  succeed  in  every  instance, 
as  the  complete  washinj;  away  of  organisms  by  the  first  portion  of 
the  stream  may  not  alunys  occur,  and  it  is  possible  that  the  pre- 
vious pas,sage  of"  urine  may  have  Avashed  out  the  urethra  so  that 
the  first  urine  passed  will  i)e  free  from  organisms,  while  the  last 
might  be  eontaminated  by  the  deLaehnient  of  epithelium  in  which 
microeocci  were  imbediled,  as  seen  in  my  ])hotographs. 

Some  such  explanation  is  necessary  to  accoout  for  the  result  ob- 
tained in  the  following;  experiment. 

Experiment  No.  2,  Jjaltimore,  Md.,  August  1st,  1881. — The 
above  experiment  was  repeated  with  the  same  preaiutions.  RenuU^ 
August  11th:  JS^u.  1  remains  acid,  and  transparent  in  the  u})f>er 
portion,  but  the  lower  third  is  occupied  by  a  loose  finely  granular 
preeipitate,  such  as  is  often  seen  in  fresh  urine  immediately  after 
cooling.  !Xo.  2  lia.->  an  alkaline  reaction,  a  film  of  urate  of  annno- 
nia  upon  the  snrfaee  Aiid  an  abundance  oi  Micrococcus  urece  in  the 
copious  deposit  at  the  bottom  of  the  cup. 

Experiment  No.  3,  Baltimore,  Md.,  August  Ist,  1881. — Four 
sterilized  cups  were  pre[>ared  as  in  the  preceding  experiments  and 
into  each  was  passed  a  small  quantity  of  urine  from  my  own 
bladder,  after  first  taking  the  precaution  of  disinfecting  the  ex- 
tremity of  the  urethra.  This  was  accomplished  by  ilie  lii)eral  use 
of  a  a  per  cent,  solution  of  carliolic  acid,  wiiieh  was  applied  by 
means  of  a  pledget  of  asbestos  iield  by  .slender  forceps.  The  as- 
bestos was  first  sterilized  by  heat  and  then  being  dipjied  in  the 
disinteoting  solution  was  repeatedly  and  thoroughly  applied  tf)  the 
mucous  membrane  to  the  depth  of  half  an  inch  or  a  little  more. 
This  operation  protluced  some  pain,  and  a  little  soreness  upon 
passing  urine  nas  felt  for  two  or  three  days.  Jiesuif:  Five  days 
after  (August  6tii)  the  urine  in  all  of  the  vessels  remained  trans- 
])arent.  At  this  date  No.  .3  was  inoculated  with  orgauisui-  from 
the  month  of  the  urctlira.  This  was  done  by  twisting  around  in 
the  ordice  of  tlie  uretlira  a  small  hall  of  a^hesto?-,  previously  st<M'J)- 
ized  by  heat,  which  vim  then  dropped  iuto  the  cup  contaiuing 
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urine,  the  bell-jar  being  removed  for  an  insLant  only  for  this  pur- 
pose. Five  days  later  the  contents  of  the  four  cups  were  caitliilly 
examined.  ^SLk>.  1,  2  aud  4  remaine<l  transparent,  free  from  sedi- 
nii  ntai y  deposit,  and  acid.  No.  8  was  alkaline  and  contained  an 
abiiiidance  of  Micrococcus  iwece. 

A  reference  tt)  Figure  4,  Plate  XIII,  will  show  that  the  organ- 
ism there  seen  in  considerable  abundance  is  not  identical  in  ap- 
pearance witli  Micrococcus  urem  as  seeu  in  Figures  3  and  4,  Plate 
XI.  Direct  examination  has  not  given  me  as  satisfactory  evidence 
of  the  presence  of  this  micrococcus  at  the  extremity  of  the  urethra 
as  have  the  experiments  above  detailed.  It  may  be,  however,  that 
under  different*  ciiTum^ances  this  organism  assumes  a  different 
appearance,  and  that  the  form  shown  in  Fio:ure  4,  Plate  XIII, 
from  the  surface  of  a  mucous  membrane  exposed  to  the  air,  when 
submerged  in  a  liquid  having  tiic  composition  of  urine  undergoes 
a  transformation  into  the  form  seeu  in  Figures  3  and  4,  Plate  XI. 
This  is  a  questioQ  to  be  settled  by  carefully  conducted  culture- 
experiments. 

Figures  1  and  3,  Plate  XIII,  are  from  the  vagina  of  a  healthy 
female  at  the  termination  of  the  menstrual  flow .  I  shall  not  iiere 
dwell  upon  the  possible  import  of  the  presence  of  micrococci  in 
such  numbers  in  this  sini  ifion,  but  from  \^hat  has  already  been 
said  it  seems  evident  that  gynecologists  may  well  be  on  their  guard 
to  prevent  ilie  invasion  of  wounds  in  this  locality — accidental  or 
made  by  the  surgeon — l)y  these  ever-present  parasitic  organisms, 
and  especially  against  the  development  of  virulent  varieties  as  the 
result  of  profuse  and  long  continued  discharges — puerperal,  etc. 

Figure  7,  Plate  XI,  is  lntnHluced  for  comf)arison  with  the  other 
iiiirrocDeti  upon  the  same  plate.  The  anipiirication  is  the  same  in 
eacli — 1,000  diameters.  This  figure  is  from  a  8j)ecinien  obtained 
by  cultivation  of  micrococci  found  in  gonorrhoeal  pus,  in  chicUen- 
houiUon.  The  reader  is  cautioned  against  the  inference  that  this 
micrococcus  is  the  cause  of  the  viniUnce  of  the  fluid  in  which  it 
was  found.  No  great  weight  can  be  attached  to  the  mere  presence 
of  an  organism  under  such  circumstances  in  the  absence  of  culture- 
and  inoculation-experiments  to  demonstrate  its  physiological  j^rop- 
erties.  Such  experiments  I  have  had  no  oj)portunity  of  making 
in  this  case,  and  the  figure  is  introduced  solely  for  the  purpose  of 
showing  that  distinct  morpliological  differences  may  be  recognized 
between  these  micrococci  from  three  ditfcfut  sources,  viz:  irom 
the  humaa  mouth,  from  urine,  and  irum  gouorrhoeai  pus. 
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DESCRIPTION  OF  PLATES. 
PLATB  XL 

FiovKB  1.— Coltnre-flaaks  in  positioQ  for  introdaction  into  cnltare- 

FiouBS      Lfsttr^  Apparatus  (slightly  modified). 

Figure  3.— JficrococcM«  tirefr  x  1,000  diameters  by  Zeiss's  io. 
horn.  ol.  im.  objectire ;  aoilioe  brown  stainiog. 

FIO0KB  4.— Same  as  Figore  8  (see  remarks  on  p.  1«1). 

FiQuas  5. — Microcoocni  cnltivated  in  bouillon  (rabbit  flesh)  inocu- 
lated with  blood  from  septicemie  rabbit,  and  descended 
from  common  mierococcas  foond  in  the  bealthj  bnman 
month,  X  If 000  diameters  by  Zeiss's  iV  in.  objective. 

Figure  6. — The  same  micrococcus  as  in  Figure  5,  as  it  api)car.s  in  tiie 
blood  of  rabbit  killed  by  the  sub-eiitaneoiis  injection  of 
human  iialiva,  X  1|000  by  Zeiss's  iu.  objecli?e. 
Iodine  staining. 

FlOURE  1. — Micrococcus  from  culture-experiment  witli  p^onorrhcBal  pus 
X  l»000  diameters  by  Zeiss's  ^  in.  objectiTe. 


PLATB  XII. 

Frauu  1. — LepMhrix  huccalii,  obtained  directly  from  month,  X 
1,000  by  Zei88*8  ^  in.  ol]|jectiTe. 

FiounxS. — LepMhrix  buecalU  from  cnltnre*experimeut,  X  l.OQO 
diameters  by  Zolss's     in.  objective. 

FlOURR  Z.^Badllus  (sp.  ?)  from  rultnrp  experiment  (saliva  in  malt- 
extract),  X  1,<'0U  by  Zt  iss's  ^  in.  objective. 

PlODBB  4.— Portion  of  epitliolial-cell  from  mouth  (Dr.  K.)  covered 
with  bacteria  {B  Usrinof),  X  1,000  diameters  by  Zeisa^s 
in.  objective. 

YiOJiBX  b,Sarcina  (ventricoli  ?)  from  8aIiva.coUnre  in  acid  malt* 
extract,  X  1>000  diameters  by  Zeiss*8  ^  in.  objective. 

FiouKii:  6. — Micrococvnn  from  saliva-culture  in  chicken-dout/Zon,  X 
1,000  by  Zeisfi's      iu.  objective. 
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PLATE  XIII. 

Fiocai  1. — Epithelium  and  micrococci  from  Tagina,  X  diameters 
by  Beck's  I  in.  objective. 

FiouBS  2.— Epithelinm  and  Leptothrix  buccalis  from  motttb,  X  About 
800  diameters  by  Beck's  ^  in.  objective. 

FiGQBS  8.— Epithelial-cell  aod  micrococci  firom  Tagiiia>  X  IfOOO  diam- 
eters by  Zeiss'B  ^  in.  olgectiTe. 

Figure  4. — Epithelial-cell  and  bacteria  from  extremity  of  male  urethra, 
X  1,000  by  Zelhs's      iij.  ol>jt'ctive. 

Fiaunn  6. — Bnctprial  organisms  in  normal  and  recently  discharged 
l]umau  fseces,  X  1|000  diameters  by  Zeiss's  ^  in.  ob- 
jective. 

FiQVBK  6  ^The  tame  as  Figure  5. 
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A  FATAL  FORM  OF  SFPTIC^MIA  IN  THE 
RABBIT,  PRODUCED  BY  TH£  SUBCUTA- 
NEOUS INJEGTIOM  OF  HUMAN  SALIVA.  By 
GEO.  M.  STERNBERG,  Surgeon,  U.  S,  A,  With  Plate  XIY. 

Ih  a  report  made  to  the  Natiooal  Board  of  Health  in  February 
last,  I  have  given  a  detailed  account  of  certain  ezperimentSy  made 
in  the  first  instance  as  a  check  upon  experiments  relating  to  the 
so-called  BaaUm  imdariifB  of  Klebs  <&  Tomassi'-CrudeUi,  which 
show  thai  my  own  saliva  has  remarkable  virulent  properties 
when  injected  into  the  sub-cutaneoas  connective  tissue  of  a  rabbit* 
Further  experiments,  made  in  the  biological  laboratoty  of  the 
Johns  Hopkins  Univeisity,  have  fblly  confirmed  the  results  here- 
tofore obtained,  and  the  object  of  the  present  report  is  to  place 
upon  record  these  last  experiments,  which  are  of  special  interest 
just  now  because  of  the  announcement  by  Pasteur,  of  **a  new 
t&eaw,"  produced  in  rabbits  by  the  sub-cutaneous  injection  of 
the  saliva  of  an  infimt  which  died  of  hydrophobia  in  one  of  the 
hospitals  of  Paris.  (Comptes  Rendus  Ac.  de  Sc.,  1881,  XCII, 
p.  159.) 

I  have  demonstrated  by  repeated  experiments — 

Thai  my  gaUva  in  doaet  of  1S$  c.  c  <o  o.  o.^  i$^eeUd  into  the 
ndheuianeouB  anmeelive  Hague  of  a  rablntf  infaUibiy  produeea  death, 
ueuaBy  wUkin  forty'eight  hovre. 

Query,  Do  similar  results  follow  the  injection  of  other  fluids 
containing  organic  matter  in  suspension  or  solution? 

AfMuwr.  One  c  c.  of  my  own  blood  fiiiled  to  kill  a  rabbit;  1  c.  c. 
of  putrid  urine  containing  B,  termo  in  abundance  fiiiled  to  kill 
a  small  rabbit;  1  c.  c.  of  liquid  fsaoes  and  distilled  water  (1 
to  10)  failed  to  kill  two  rabbits;  1.25  c.  c.  of  bouUlon  undergoing 
pntre&ction  and  loaded  with  B»  (ertnOf  failed  to  kill  a  rabbit; 
1  c.  c,  of  sediment  from  Baltimore  water,  consisting  of  organic 


1 1  have  commonly  iiiJ«oted  mi  anuHmt  varying  from  5  to  25  niiilins, accord- 
log  to  tha  also  of  the  animal,  but  in  email  rabblte  liaTO  bad  a  fatal  roralt  in 
three  CMM  ont  of  fl?e  follow  the  injection  of  1  minim  diluted  with  6  minims  of 
water. 
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d&ma  and  organisnie — chiefly  BamUut  miblUia,  Leptothrix  pumBa^ 
Frotocoeeua,  and  a  few  diatoms  and  flagellate  monads — ^fidled  to 
kill  a  rabbit.^ 

On  the  other  baud,  injections  of  a  small  qaantity  of  sorfeoe  mod 
from  the  gutters  of  New  Orleans  during  the  month  of  September, 
'  1880,  invariably  produced  &tal  results  within  fi>rty-cight  homs. 
(See  unpublished  report  above  referred  to.) 

Query,  Does  the  saliva  of  other  individuals  injected  in  the  same 
manner  produce  similar  results? 

Anawer,  The  saliva  of  feur  students,  residents  of  Baltimore  (in 
March),  gave  negative  results;  eleven  rabbits  injected  with  the 
saliva  of  six  individuals  In  Philadelphia  (in  January)  gave  eight 
deaths  and  three  negative  results;  but  in  the  fetal  cases,  a  less 
degree  of  virulence  was  shown  in  six  oases  by  a  more  prolonged 
period  between  the  date  of  injection  and  the  date  of  death.  This 
was  three  days  in  one,  four  days  in  four,  and  seven  days  in  one. 

Query.  Is  there  any  recognizable  peculiarity  in  the  saliva  which 
exhibits  the  greatest  degree  of  virulence? 

Answer.  In  the  case  of  Dr.  S.,  whose  saliva  shows  an  excep- 
tional virulence,  the  teeth  ai*e  sound,  the  secretions  of  the  mouth 
normal  in  physical  properties  and  reaction,  and  the  general  health  ' 
good.    There  is,  perhaps,  an  unusual  llow  of  saliva,  but  uo  other 
noticeable  peculiarity. 

Query.  Is  there  any  plausible  hypothesis  by  which  Liiib  ditierence 
iu  virulence  can  be  explained  ? 

Ansicer.  This  question  will  require  for  its  stjiution  more  extended 
experiments.  In  the  meantime  it  may  be  mentioned,  as  havint;  a 
possible  bearing  upon  the  subject,  that  Dr.  8.  iia-?  been  engaged  to 
a  considerable  exteni,  *luring  the  jiast  two  years,  in  studies  which 
have  brought  him  in  contact  with  septic  material.  Dr.  F.,  of 
Philadelphia,  whose  saliva  killed  (after  a  longer  interval)  two 
rjibbits,  is  patholou^ist  to  a  lar^  hospital,  and  consequently  is 
constantly  brought  iu  contact  with  septic  material.    Mr.  N.  and 

1  Coze  and  ¥chz  found,  as  tbo  result  of  numerous  experiments,  that  the  blood 
of  healthy  persons,  Md  thst  of  persons  ffick  with  iioii«infecUouB  maladies,  does 
not  produoe  fatal  rasalto  when  Injeeied  into  the  sub-eufanMus  tisaua  of  rabbits. 

(Clinical  and  Exp.  Researches  upon  Infectioui)  Maladies,  8°,  Fari<>,  1872.) 
PHstfur  ftl>o  hns  inoculateii,  without  result,  the  saliTa  of  aspbyxiaded  rabbiU 
aad  of  men  dead  with  common  diiieases  {I.  c). 


Digitized  by  Google 


SEPTICEMIA. 


18ft 


Mr.  B.»  whoee  saliva  kUl«d  all  the  labbits  operated  npon  (foar), 
are  residents  of  seaport  towns  in  Cuba.' 

Query.  Is  death  prodaoed  in  other  animals  hy  tbesnb-cataneons 
injection  of  hnman  saliva,  which  is  virulent  for  rabbits? 

Anmoer,  Injection  of  4  e.  o.  into  each  of  two  small  dogs  pro- 
duced loeal  abscesses  at  point  of  injection,  but  no  other  noticeable 
result.'  Injection  of  0.25  o.  c.  (each)  Into  five  chickens  produced 
no  result  Injection  of  0.76  c  c  (each)  into  three  guinea-pigs 
proved  iatal  to  two — one  in  three  and  one  in  seven  days*  Injeo- 
tion  of  0.5  c  c.  into  five  rats  resulted  fatally  to  one  only.' 

Query.  What  is  the  nature  of  the  iatal  malady  produced  in  rab- 
bits by  the  sub-ontaneous  injection  of  the  saliva  of  certain  indi- 
viduals? 

^nsioer.  The  course  of  the  disease  and  the  post-mortem  appear- 
ances indicate  that  it  is  a  form  of  septicemia.  Immediately  after 
the  injection  there  is  a  rise  of  temperature,  which  in  a  few  hours 
may  reach  2^  to  3^  centigrade  (3.6^  to  5.4°  Fali.) ;  the  temperature 
subsequently  &lls,  and  shortly  before  death  is  often  several  di^rees 
below  the  nbrmal.  There  is  loss  of  appetite  and  marked  debility 
after  twenty-four  hours,  and  the  animal  commonly  dies  during  the 
second  night  or  early  in  the  morning  of  the  second  day  after  the 
injection.  Death  results  still  more  quickly  when  the  blood  from 
a  rabbit  recently  deed  is  injected.  Not  infrequently  convulsions 
immediately  {precede  death. 

The  date  and  mode  of  death  corresponds  witli  that  reported  by 
Pasteur  io  the  memoir  referred  to.  Two  rul)l)its  injected  with  buccal 
mucas  from  the  moutb  of  a  child  recently  dead  wiili  liydrophobia, 
December  11th,  were  found  dead  December  13th.    Other  rabbits 

*  Thu  poi-sibility  that  this  septic  condition  of  the  seerr  tions  of  the  mouth  may 
bear  some  relation  to  the  protection  wltictt  t,het>e  Cubuuii  aud  myself  enjoy 
against  yellow  fever,  which  is  a  disease  presenting  many  points  of  resemblance 
•  to  septicttmU,  has  occurred  to  roe,  and  without,  at  present,  laying  any  great 
stress  upon  this  ponibiliiy,  I  think  it  worthy  of  lliirther  experimental  oon- 
•ideration. 

2  A  dog  succumbed,  however,  to  an  injection  of  1  c  c  of  serum  from  the 
sub-cutaneous  cellular  tbsue  of  a  rabbit  recently  dead, 
s  The  results  obtained  by  me  in  these  experiments  correspond  with  those 

reported  by  Pasteur  in  the  ]>aper  already  referred  to.  vis;  gttine«i>pig  les.a  sus- 
coptihlf  than  rabbit,  coni]>li'ti'  immunity  of  the  chickon,  nnd  sTieceptiljility  of 
tlie  dog  to  the  '*new  diBease"  as  the  result  of  injections  of  blood  from  dead 
mbbita. 
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inociilatpd  with  the  blood  and  saliva  of  these  died  in  still  less  time, 
luocuiations  with  fmh  blood  aaaall^  produced  death  in  less  than 
tweuty-four  Uuors. 

The  most  markr  *!  pathological  appeiuuiice  is  a  diffuse  inflam- 
matory cedeiiia  or  ('clhilitiH,  extending  in  all  directions  from  the 
point  of  injection,  hut  especially  to  the  depciident  portions  of  the 
body.  Occasionidly  there  is  :i  little  pus  near  the  puncture,  but 
usually  death  ocxjurs  before  the  cellulitis  reaches  the  poiut  of 
producing  pus.  The  8ub-cutaoeous  ooonective  tissue  contains  a 
quantity  of  bloody  serum,  which  possesses  virulent  properties, 
and  which  contains  a  multitude  of  micrococci.  There  is  usually 
more  or  less  inflammatory  adhesion  of  the  integument  to  the  sub- 
jacent tissues.  The  liver  is  sometimes  dark  colored  and  gorged 
with  blood,  but  more  frequently  is  of  a  lighter  color  than  normal, 
and  contains  much  fat.  The  spleen  is  either  normal  in  appearance 
or  enlarged  and  dark  colored.  Changes  in  this  organ  are  more 
marked  in  those  cases  which  are  of  the  longest  duration.  In 
certain  cases  dark  colored  pigment  has  been  found  in  the  spleen, 
resembling  that  which  has  been  supposed  to  be  characteristic  of 
iiialaiiai  iever.  The  blood  is  (laik  colored,  usually  fluid,  and 
tlierc  is  a  tendency  to  agglutination  of  the  red  corpuscles. 

The  blood  commonly  contains  an  immense  number  of  micro- 
cocci, usually  joined  in  pairs,  and  having  a  diameter  of  about 
0.5 /i.  These  are  found  in  blood  drawn  from  superlicial  veins^ 
from  arteries,  and  from  the  cavities  of  the  heart  immediately  afler 
death,  and  in  a  few  cases  their  presence  has  been  verified  during 
life;  observations  thus  far  made  indicate,  however,  that  it  is  only 
during  the  last  hours  of  life  that  these  parasites  multiply  in  the 
circulating  fluid,  and  in  a  certain  proportion  of  the  oases  a  careful 
search  has  fiuled  to  reveal  their  presence  in  pori-moriem  examina- 
tions made  immediately  upon  the  death  of  the  animal.  This 
organism,  however,  is  invariaijly  found  in  great  abundance  in  the 
serum  which  exudes  in  considerable  quantities  from  the  csdematous 
connective  tissue  when  an  incision  is  made  through  the  integu- 
ment over  any  })oint  involved  in  the  inflammatory  uHlema  extcud- 
ing  ii'om  the  original  puncture. 

A  pernsal  of  the  paper  of  Pasteur,  already  referred  to»  has  induced 
me  to  pay  especial  attention  in  three  recent  powtmorUsmB  to  some 
points  to  which  this  anther  refers,  which  I  had  not  noticed  io  prerioas 
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examinations,  vie  :  to  the  condition  of  tlie  trachea,  the  lungs,  and  the 
lymphatic  glandB  in  the  groins  mmI  axilla, 

Pasteu  aajei  "  The  oelljilM  tieaoe  is  almost  always  emphysematous.'* 
(This  has  not  heen  obeerTed  to  be  the  case,  except  to  a  slight  extent  is 
one  instance  in  the  rabbits  operated  upon  bj  me.)  "  The  longs  are 
fireqnently  filled  with  the  noyaux  of  pulmonaiy  apoplexy."  (I  have 
foond  this  to  be  the  case  In  one  out  of  three  rabbits  examined  since 
my  attention  has  been  directed  to  this  point.)  *'A  character  more 
constant  than  the  last  (not  more  constant,  however,  than  that  which 
relates  to  the  volume  and  color  of  the  ganglions),  is  the  state  of  the 
trachoa,  which  is  almost  invariably  red,  cong-osted,  with  little  hemor- 
rhapfs  froiii  the  .smallest  vpfsels."  (I  have  found  a  marked  congestion 
of  the  ved.sels  of  the  trachea  in  the  three  cases  in  which  I  have  exam, 
ined  it,  and  in  one  case  the  lymphatic  glands  of  the  axillae  were  enlarged 
and  congested.) 

Query,  What  oonstitaent  of  the  saliva  injecCed  produces  the  fatal 
malady  in  questian? 

Amwer,  The  foUowiDg  hdts  demonstiate  that  the  phenomena 
detailed  retuU  from  the  preaeitee  of  a  Hvmg  orgamem  found  in  the 
aaUoa—a  mieroeooeue — wAte&  muUipUee  abundanttif  m  the  «u6- 
euianeoue  eonneetioe  Oenie,  and  aUo  in  the  Uood  shortly  before  or 
after  death, 

(a)  The  poieon  ia  partiadaie.  This  is  proved  by  numerous  fil- 
tration experiments,  Eeamptei  March  15,  11  A.  M,  lojeoted 
1  0^  c.  of  filtered  saliva  (filtered  through  thin  stratum  of  plaster 
of  Paris,  by  means  of  Sprengel's  pump)  into  left  flank  of  rabbit 
weighing  1  pound,  and  at  the  same  time  one-fonrth  the  quantity 
of  anfiltered  saliva  into  a  rabbit  of  the  same  sise.  No  harm 
resulted  to  the  first  rabbit,  while  the  second  died  the  following 
day,  at  5.80  P.  M. 

(6)  The  wndenee  of  the  eaUtd  ts  deetroyed  by  boiling, 
(e)  The  eaUoa  ioeee  He  oinUenoe  toAen  kept  for  twentyfeur  horn 
In  a  enUure-^umbery  at  a  temperature  of  iU^  eenOgrade, 

The  presence  of  B.  temio  ami  an  odor  of  putrefaction  in  saliva 
kcjit  for  twenty-finir  hours  in  a  culture-chamber  shows  that  changes 
are  occurring  wliicli  have  hi'rctulore  been  recoirnizcd  u..^  destructive 
of  the  septic  puisou  (organi-siii),  e.  g.,  the  virulence  of  tlic  poison 
which  produces  dangerous  dissection  wounds  is  luat  when  pulretuciive 
changes  set  in. 

(d)  The  addition  of  one  pari  of  a  10  per  eent,  eohUion  of  carbolic 
Qicid  to  two  parte  of  ealiva  deetroye  its  virulence. 
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(e)  The  effused  serum  from  the  mib-cutaneous  connective  lissuf  of 
a  rabbit  recentlif  deady  prod  aces  death  attended  with  the  same  phe- 
nomena as  resulted  from  the  injection  of  the  »aliva  in  Uie  first  instance. 
But  this  does  not  contain  epithelial  cells  or  salivary  corpuscles, 
and  we  are,  therefore  Justified  in  excluding  these  as  possible  agents 
in  the  production  of  the  results  indicated.  Moreover,  these  are 
present  at  all  times  in  the  saliva  of  all  individuals,  while  viru- 
lenoei  at  least  sach  an  intense  degree  of  virulenoe,  is  an  exceptional 
proper^  of  human  saliva. 

(J)  Thu  Mrum  2oses  Ub  virulenoe  by  filtraUon* 

Unfiltered  semm  from  a  recently  dead  rabbit  has  inTariably  proved 
fatal  in  smaller  quantity  and  in  less  time  than  is  required  by  the  saliva 
in  the  fimt  instance,  showing  an  Increase  of  virnlence  as  the  result  of 
succesgive  cultivation  of  the  organism  in  the  body  of  a  susceptible 
animal.  This  corresponds  with  the  results  obtained  by  Davaino,  Koch, 
Pasteur  ami  others.  I  hare  not  attempted  to  ascertain  the  minimum 
quantity  whicli  will  produce  death.  Davaine  says:  "A  rabbit  may  be 
killed  by  the  ^  P^^^  of  a  drop  of  septic  blood."  (Bull,  de  PAcad. 
de  Med.,  8  s.,  T.  VllXt  p.  121.)  In  my  filtration  experiments  I  in- 
jected, however,  quantities  far  in  excess  of  the  amount  required  to 
produce  speedy  death  if  unfiltered  sernm  had  been  employed. 

Example:  March  14.  Injected  2  c.  e.  of  filtered  serum  (from  sub- 
cutaneous connective  tissue  of  rabbit  recently  dead)  dilated  with  dis> 
tilled  water  (1  to  20)  without  result,  while  one-quarter  the  quantity 
(0.5  c.  c.)  of  the  same  dilation  un  filfered,  injected  at  the  same  time 
into  another  rabb't,  produced  death  in  twenty-four  hours. 

{ff)  The  mierococGue  preeent  in  the  aenm  from  the  connective  tisstie 
of  a  rahbU  irJiich  /uxs  guccumbed  to  a  mb-cuianeoua  ii^oeUon  of 
§a(wc^  may  be  euitivtUed  in  bonUion  made  from  the  fieek  of  a  heoHhf 
rabhU,  or  in  bhod  ienm  obtained  from  a  heaUhy  dog^  and  iheae 
flwde  thereby  aeqmre  a  tfinUenee  which  they  did  not  haoe  before, 

Hy  first  efforts  to  cultivate  the  micrococcus  in  urine,  in  gelatine  soln- 
tion,  and  in  bouillon  made  from  the  flesh  of  a  dog,  all  proved  inef« 
fectual,  and  these  fluids  after  inoculation  with  blood  or  serum  from  the 
connective  tissue,  showed  a  temporary  virulence  only,  which  was  doubt- 
less due  to  the  presence  of  the  micrococcci  introduced,  which  preserved 
their  vitality  for  a  certain  time,  although  the  conditions  were  not 
favorable  for  their  increase.  After  a  few  days  the  first  culture  lost  its 
virnlence  and  successive  inoculations  gave  negative  results,  both  as  to 
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the  presence  of  the  mierocoocna  and  ae  to  nozioDs  propertiei  when 
iiyected  into  rabbits. 

(h)  Suoeanve  culiures  in  which  but  a  small  drop  is  taken  each 
time  to  inomUaU  a  fresh  quantUy  bouillon  exclude  the  white  and 
red  blood  corpuscles  (filtration-experiments  have  already  nhown  the 
poison  to  be  particulate)  as  possible  agents  in  the  production  of 
tkk  vinUmoe,  and  prove  oonehtsively  thai  the  veritable  come  it  ihe 
presence  of  a  mierocoeoue,  found  first  in  the  saliva,  then  in  the 
serum  from  the  connective  tissue,  and  (usaally)  in  the  blood  of 
the  animal  killed  by  the  injection  of  saliva,  and  finally  in  each 
sucoessive  culture-fluid  inoculated  (in  the  first  instance)  with  a 
small  quantity  of  this  serum  or  blood. 

Within  a  few  hoars  after  inoculating  sLeriJizcd  bouillon  made  from 
the  flesh  of  a  rabbit  (first  tested  for  several  days  in  a  culture-oven  at  a 
temperatnre  of  87^  Cent)  with  blood,  or  serum  from  sub'^utaneons 
connective  tissue  of  a  rabbit  recently  dead,  the  fluid — ^previously  trans- 
parent— becomes  opalescent,  and  upon  microscopical  examination  is 
fonnd  to  contain  innumerable  micrococci,  solitary,  in  pairs,  and«  in 
torula  chains.  The  same  result  follows  upon  inoculating  a  second 
portion  with  a  minute  drop  of  the  first,  and  so  on.  The  continued 
virulence  of  these  successive  cnltures  I  have  amply  proved. 

Example:  April  13.  Injected  1  c.  c.  of  6ottti^on>cnIture,  No.  6  (six 
successive  inoculations,  the  first  with  serum  from  sab-cotaneoas  con- 
nective tisssue  of  rabbit),  into  left  flank  of  a  large  rabbit.  Result: 
The  animal  was  fnuud  dead  on  tiie  morning"  of  the  Ifith,  and  presented 
the  usual  appc  ai  u;ices  npon  post-mortem  oxaniination.  Its  blood  and 
the  effused  scrum  iu  sub-cutanoous  connective  tissue  contained,  as 
usual,  an  immense  number  of  micrococci,  like  those  already  described. 

Query.  Does  the  microoooous  found  under  the  circumatancea 
detailed  diflfer  from  the  Jfieroeoectts  s^ptietis  of  Cohn,  and  is  it 
identieal  with  the  organism  described  by  Pasteur,  as  present  in 
the  blood  of  mbbits  killed  by  the  sub-cntaneous  injection  of  the 
saliva  of  an  iniant  dead  from  hydrophobia  \l.  c.)? 

.^ttsttm*.  Cohn  describee  the  M,  eq/tieue,  as  follows : 

"  Little  rounded  cells  of  0.5  /i,  motionless  and  crowded  in  masses,  or 
united  in  chaplets  in  the  secretion  of  wounds  in  cases  of  septicsemia 

(Klr-b-j),  in  zoofjkea  in  callous  ulcers,  in  isolated  cells,  nnited  in  pairn 
or  in  chaplets  in  the  serum  o[  epidemic  puerperal  fever  (Waldyer),  in 
all  ilie  tissues,  vessels,  etc.,  in  cases  of  pyiemia  and  septicaemia."  (The 
Bacteria,  Magnin:  Little,  lirowu  &  Co.,  Bo&tou,  1880,  p.  76.) 
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Pastenr  gives  the  following  description  of  the  iiiicTococciis  tound 
by  him  iu  the  fatal  disease  de.soribe<l  by  iiim  as  new,  and  which 
he  evidently  does  not  consider  identical  with  septicsemia,  a  disease 
which  he  had  previously  studied  ezperimentally.  It  should  be 
Doticed,  however,  that  Pasteur  reoognizes  several  forms  of  septl- 
c»mia*   Thus  he  says : 

"And  now  we  see  wliy  septiciemiii  li;is  so  often  been  confonndod  with 
rhnrboii;  ilu-ir  causus  are  of  the  same  order;  it  is  a  vibrio  wliicli  causes 
seplicauiiia  and  a  bacillus  which  produces  charbou.  *  *  *  ScpticaiUiia 
and  jiutrefaction  iu  a  living  being  are  not  the  same  thing.  There  are 
a«  inn)))/  dill\'.re))t  septiaeniias  as  there  are  dilf'erent  )'ibrio!<.  *  *  * 
In  septicoeinia  tlie  vibrios  do  not  appear  in  the  l)ioo<l  until  the  last 
thifig,  but  iu  tiiis  liquid  one  of  them  takes  a  peculiar  aspect,  often 
longer  than  the  diameter  of  the  held  of  tiie  microscope,  aud  so  trans- 
parent that  it  easily  escapes  observation ;  wlien,  however,  it  is  once 
perceived  it  is  easily  found  again,  flexible,  climbing  aud  removing  the 
blood  globulus  as  a  serpent  moves  the  grass  in  the  bushes,"  etc. 
(Cbarbon  and  SepUcoimia,  C.  It.  Ac.  des  Sc.,  LXXXV,  101-115,) 

This  septic  vibrio  of  Pasteur  I  found  in  the  blood  of  rabbits, 
victim^  uf  my  experiments,  in  New  Orleans  during  the  past 
suiumer  (Report  to  National  Board  ol"  iiealth,  not  yet  published), 
but  have  not  since  met  with  it;  perhaps  because  it  develops  pos< 
mortem  and  requires  the  hot  weatber  of  summer  for  its  develop- 
ment. Whetiier  it  is  an  independent  organism  or  is  developed 
under  special  conditions  from  the  Microooocw  wp^iotis,  being  aa 
advanced  phase  in  the  development  of  this  organism  corresponding 
with  the  spore-producing  filaments  which  have  been  shown  to 
constitute  one  phase  In  the  life-history  of  ^aoi2/ti«  an<Araow»  Kooh, 
and  of  Baderwm  termo^  Ewart^  is  an  interesting  question  for 
further  research.  The  vivid  language  of  Pasteur  describes  it  well, 
and  the  wonderful  vigor  with  which  this  extremely  slender  and 
almost  transparent  organism  thmsts  aside  the  blood  corpuscles  in 
i^  impetuous  serpentine  movements  cannot  fail  to  astonish  the 
observer.  The  microooocus  of  Pasteur's  "  new  diseiise  "  is,  on  the 
contrary,  c^uite  motionless,  and  is  described  as  follows: 

''This  organisin  is  sometimes  so  small  that  it  may  escape  a  saperfictal 
observation.  Its  form  does  not  differ  from  that  of  many  other  micro- 
scopic beings.  It  is  an  extremely  short  rod  a  little  compressed  towards 
the  middle,  resembling  a  figure  8,  and  of  which  the  diameter  of  each 
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half  often  does  not  exceed  a  half  a  thoasandtli  of  a  millimeter  [=  0.5  /e 
sod  corresponding  with  the  diameter  given  by  Cohn  for  the  Micro* 
eoccu9  aepiiowtt  also  with  the  micrococcus  observed  by  myself  in  the 
form  of  septicemia  described  in  tliis  report].  Each  of  these  little 
particles  is  snrroanded  at  a  certain  focds  with  a  sort  of  anreole  which 
corresponds,  perhaps,  to  a  material  subsinnre.''  (Note. — The  possi- 
bility that  this  appearance  is  due  to  diffraction  is  considered,  but  Pas- 
teur inclines  to  ttte  opinion  that  in  the  case  in  qnestion  it  is  due  to  a 
mncons  substance  which  snrronnds  the  organism.) 

The  foreoroing  deseriptioas  answer  as  well  for  the  micrococcus 
observed  hy  nip  a-^  if  they  had  been  \vritt<'ii  especially  for  it,  and 
it  is  unnecessary  for  me  to  say  more  at  present  in  relation  to  the 
morphology  of  this  organii^niy  which  apparently  is  identical  with 
that  of  the  Micrococcus  aeptlcus  of  Colm,  itid  with  the  organism 
found  by  Pasteur  in  the  "new  disease'^  described  by  him.  Does 
it  then  follow  that  the  organisms  are  identical,  and  that  the  phe- 
nomena related  hy  Pasteur,  as  resalting  from  the  sab-cntaneons 
injection  of  saliva  from  an  infant  dead  of  hydrophobia,  and  by 
myself,  from  saliva  of  a  healthy  adult,  represent  the  same  disease? 
fiy  no  means* 

The  argument,  that  because  a  certain  bacillus,  or  spirillum, 
or  micrococcus,  is  morphologically  identical  witli  anotlier,  which 
is  proved  to  be  harmless  as  to  its  effecta  upon  an  animal  organism, 
consequently  //  must  be  harmless,  has  no  supixjrt  irom  analogy 
or  experiment.  The  argunn  nt  is;  Jjacteria  are  found  everywhere, 
we  eat  them,  we  drink  them,  wo  draw  their  germs  into  onr  lungs 
at  each  inspiration  and  without  apparent  injury.  They  are  evi- 
dently harmless.  Your  spirillum  of  relapsing  fever  does  not  difler 
(the  morphological  resemblance  is  admitted)  from  a  harmless 
spirillum  frequently  found  in  the  human  mouth;  your  BtxeiUuB 
anthram  does  not  differ  from  BaoiUus  wbiUUf  etc.  The  answer 
is  plain.  The  fact  that  there  are  harmless  bacteria  does  not  dis^ 
prove  the  possibility  of  pathogenic  bacteria;  the  fact  that  two 
things  look  alike  does  not  prove  that  they  are  alike;  experi- 
ment proves  conclusively  that  the  phenomena  of  anthrax  are 
due  to  the  presence  and  maltiplication  in  the  body  of  the  affected 
animal  of  the  Bacillus  anihracisy  and  that  in  the  fatal  form  of 
septicfBmia  described  in  this  report,  the  eflicient  cause  of  the 
morbid  pheuomcna^  aud  of  death,  is  the  minute  micrococcus 
described. 
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Doubtless,  harmlesH  micrococci  abound.  Pasteur  finds  no  differ- 
ence, liiorphoiogicaiiy,  between  the  organ  ism  which  produces  the 
"new  disease"  described  by  him  and  that  which  produces  the 
cholera  de9  poiUe$,  He  eays:  *'By  the  form  which  it  has  in  the 
blood  the  orgaDbm  resembles  the  microbe  of  chicken  cholera,  but 
it  differs  completelj  in  its  foDctions.  We  may  inoculate  fowls 
with  it  without  their  experienciDg  the  slightest  ill  effect."  (The 
same  is  true  of  the  orgauism  producing  the  form  of  septicaemia 
described  in  this  paper.) 

''In  the  form  of  chaplets  it  resembles  greatly  many  other  oigan-* 
jsms  which  I  have  often  observed/'  etc 

It  will  have  l>een  noticed  from  the  account  already  given  that 
the  lalal  <li.sease  in  rabbits  observed  by  me  and  resulting  from  the 
sub-cutaueoua  injection  of  my  own  saliva  resi-nihles  in  many  par- 
ticulars the  disease  dcscril>rtl  by  Pasteur  as  new,  rcaultiug  I'rom 
the  sub-cutaneous  injection  of  the  saliva  of  a  child  dead  with 
hydrophobia.  Another  point  of  rcsemblancxi  is  the  fact  tliat  the 
saliv  t  nf  one  of  my  rabbits^  recently  dead,  has  the  same  vtraleooe 
as  the  blood  and  serum  from  connective  tissue.  A  serous  liquid^ 
which  in  some  instances  escapes  from  the  bowels  shortly  before  or 
after  death,  also  oontaics  the  mioroooccus  in  abundance  and  pos- 
sesses like  virulence.  All  of  these  points  of  resemblance  form  a 
strong  probability  In  favor  of  the  identity  of  the  two  diseases,  but 
I  am  not  prepared  to  pronounce  a  positive  opinion  upon  this 
point,  especially  since  Pasteur,  who  had  previously  given  much 
attention  to  the  study  of  septicseraia,  pronounces  the  disease  ob- 
served by  him  to  be  uew,  while  I  see  no  reason,  at  [iresent,  for 
supposing  that  the  disease  observed  by  me  differs  essentially  from 
the  pxperiineiilai  septicaemia  pnuluecd  by  Davaine,  Kocli  and 
other  investigators,  who,  however,  obtained  their  liisl  supply  of 
septic  organisms  from  a  dilferent  source. 

In  the  ligiit  of  what  we  already  know,  it  seems  very  probable 
that  puerperal  fever,  hospital  gaiigrene,  and  the  various  forms  of 
septicaemia  known  to  physicians  and  surgeons  result  from  the 
development  of  pathogenic  varieties  of  harmless  and  widely-dis- 
tributed species  of  micrococci,  as  the  result  of  especially  &vorable 
surroundings;  such  as  are  found  in  the  lochial  dischaiges  of  a  puer- 
peral woman  or  in  the  secretions  from  the  sur&oe  of  wounds  in  a 
crowded  and  ill-veutilatod  hospital  ward. 
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Jast  as  differences  in  resisting  power  to  experimental  septi- 
cfimia  are  exhibited  by  different  species  of  animals,  so  doobtless 
individual  differences  exist  in  inan^  especially  as  the  resalt  of 
lowered  vitality;  and  this  want  of  resisting  power,  from  whatever 
cause  resttitingj  must  be  counted  as  one  of  the  conditions  favorable 
to  the  development  and  propagation  of  a  pathogenic  bacterinm. 
Thus  we  find  that  in  experimental  flepticflemia  the  microcoooiis 
does  not  invade  the  blood  until  tiie  vital  powers  arc  ai  a  low  ebb, 
and  death  i.-a  near  at  hand.' 

In  the  dog  the  vital  resistance  is  comj)etont  to  withstand  the 
a.««aii]ts  of  a  microcoeciis — injeote<l  .sul)-entaiie()nsl y — havi?i'^  the 
potency  of  those  found  in  my  saliva,  and  the  result  of  such  an 
injection  is  simply  a  circumscribed  abscess.  But  the  increased 
power  (whicli  is  perhaps  simply  a  more  viirorous  and  rapid  devel- 
opment) gained  by  cultivation  in  the  body  of  the  rabbit,  enables 
these  organisms  to  overcome  the  resistance  of  the  dog,  and  a 
diffuse  oellnlitis  results  of  a  fatal  character. 

The  fact,  observed  by  myself,  that  during  the  summer  mouths 
the  mud  in  the  gutters  of  New  Orleans  poinesses  an  extraordinary 
d^ree  of  virulence'  shows  that  pathogenic  varieties  of  baeleria 
are  not  alone  bred  in  the  bodies  of  living  animals.  The  more  I 
study  this  subject  the  more  probable  it  seems  to  me  that  in  this 
direction  lie?  the  explanation  of  many  problems  which  have 
puzzled  epi  I  ruiolor^ists,  and  that  the  sanitarians  are  right  in 
fighting  against  tilth  as  a  j)ritne  factor  in  the  production  of  epi- 
demics— a  factor  of  which  the  r6U  is  easily  uuderstood,  if  this 
view  is  correct. 

The  presence  of  septic  organisms,  possessing  different  degrees  of 
virulence,  depending  upon  the  abundance  and  kind  of  pabulum 
furnished  them  and  upon  meteorological  conditions  more  or  less 
favorable,  constitutes,  in  my  opinion,  the  epidemie  eoMtitution  of  ike 
aftnofpAsre,  which  wise  men  were  wont  to  speak  of  not  many  years 
ago  as  a  doak  for  ignorance.   It  must  be  remembered  that  the 

'  By  virtue  of  some  property  or  raccluuiism  ut  presenl  unknown,  blood,  which 
•Sternal  lo  the  body  ii  ft  fnvomble  medium  for  the  development  of  many  spe- 
cies of  beeteria,  resist!  their  enlrftnce  or  gets  rid  of  ibem  when  tbej  effect  an 
entrance,  e.  g.,  by  injecUoni  to  long  as  it  is  circulating  in  the  vettele  of  a 

beHlthy  individunl. 

-  Thfro  iH  no  rcnson  to  8uppo«n  that  this  is  poculmr  to  New  Ork'nns,  hut  I 
iiAvv  nol  yet  bad  the  opportunity  to  extend  my  exporimeats  to  other  places. 
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gutter  mud  of  to-day,  with  its  deadly  septic  organism?,  is  the  dust 
of  toooaorrowy  which  in  respiration  is  deposited  upon  the  mucous 
membrane  of  the  respiratory  passages  of  those  who  breathe  the 
air  loaded  with  it.  Whether  the  peculiar  poison  of  eaeh  specific 
disease  is  of  the  same  nature  or  not — a  question  which  can  only  be 
settled  by  extended  experimental  investigations  in  the  future — it 
is  altogether  probable  that  this  factor  often  gives  a  malignant 
diaracter  to  epidemics  of  diseases  which,  uncomplicated,  are  of  a 
comparatively  trivial  nature. 

Part  Second. — Moefuoloqy. 

Since  writing  the  report  published  in  "T/ie  Bulielin"  of  April 
30th,  my  attention  has  been  called  to  the  fact  that  M.  Vulpian  has 
arrived  at  similar  rt-ults  i  Hull,  de  TAcad.  de  Med.,  March  29, 
1881) ;  and  I  infer  that  l^a-^tenr  has  somewhat  changed  his  opinion 
as  to  the  nature  of  the  "new  disease/'  described  by  him  in  his 
communication  to  the  French  Academy  (made  January  26th), 
from  the  following  remark  of  Chauveau,  which  I  find  in  his 
recent  address,  as  President  of  the  French  Association  for  Ad- 
vancement of  Science.  (Revue  Scienttfique,  April  1 6th,  189 1 .)  He 
sayB: 

"  For  a  moment  we  hoped  that  Pasteur  had  determined  thus 
(by  artifidal  cultivation)  ''the  virus  of  hydrophobia,  but  he  UlU  v» 
hmadfihat  he  has  cnhf  eultivaUd  a  new  stplie  agent" 

There  seems,  therefore,  to  be  bo  loiiger  any  reasonable  doubt  of 
the  identity  of  the  "new  disease,"  described  by  Pasteur,  and  the 
fatal  ibrm  of  .septieremia  in  the  rabbit  j)roduced  by  the  sub-cuta- 
neous iiijLi  tion  of  human  saliva,  w  iiirh  I  first  observed  in  New 
Orleans,  in  beptember,  18h0,  and  which  T  have  since  studiotl,  ex- 
perimentally, in  Philadel|)liia  [\n  the  Medical  Department  of  the 
University  of  Pennsylvania,  iu  January),  and  in  Baltimore  (in 
the  Biological  Laboratory  of  Johns  Hopkins  University). 

Having  proved,  experimentally,  that  the  presence  and  multipH- 
catioD  of  a  micrococcus  is  the  essential  feature  in  the  etiology  of 
this  disease,  a  further  study  of  th^  morphology  of  this  minute 
organism  becomes  of  interest 

In  Plate  XIY,  Figure  1  represents  the  organism  as  found  in 
the  blood  of  a  rabbit  recently  dead  *,  Figures  2  and  3,  the  same 
from  a  culture-solution  (bouillon  made  from  the  flesh  of  a  rabbit) ; 
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Figure  4,  the  same  as  found  in  iiuiiiaii  huliva,  wliile  Figure  5 
represents  a  micrococcus  from  anotlier  source,  introduced  for  com- 
pari'^un.  The  anipliHcation  in  each  case  is  1 ,0(X)  diameters,  and 
the  photo-microiiraphs,  which  liave  been  accurately  reproducetl  by 
the  heliotype  process,  were  all  made  with  the  same  objective  (Zeiss 
iV  horn,  iui.)  and  at  the  same  di-ianci-,  with  the  exception  of 
Figure  4,  which  wa^j  made  at  a  ditkrent  time  with  ZeibS  in.  and 
a  longer  distance. 

The  tirst  thing  which  strikes  an  observer  upon  an  inspection  of 
this  Plate  will,  doubtless,  bo  the  fact  that  the  organism  presents 
very  marked  morphological  differences  in  the  figures  given,  and 
the  question  will  at  once  arise  as  to  a  possible  mibtake  in  identity. 

So  far  as  the  form  represented  in  Figure  4  is  wneerncd,  it  must 
l>e  admitted  that  there  is  no  positive  evidence  that  tiiis  is  really 
tlie  septic  micrococcus  as  found  in  human  saliva,  which  is  the 
parent  of  tJie  Ibrm  developed  in  the  blood  of  the  rabbit,  and  rep- 
resented in  Fijrnre  1.  What  is  positive  and  invariable,  so  fnr  as 
my  experinientH  go,  is  that  the  injection  of  my  saliva  into  liie  sub- 
cutaneous connective  tissue  of  a  rabbit  is  followed  by  the  appear- 
ance in  the  effused  serum,  and  subsequently  in  tlie  blood  (usually) 
of  the  micrococcus  seen  in  Figure  1,  and  that  this  is  a  septir  i  - 
ganism.  As  the  saliva  contains  a  variety  of  bacteria,  including 
rod  and  spiral  forms,  as  well  as  nncrtx'otci,  it  may  be  R!ippo«ed 
that  the  form  developed  in  the  blood  of  the  rabl)it  as  the  result  of 
the  sub-cutaneous  injection  of  this  fluid  is  descended  from  any  one 
ot  the«e  forms.  But  wlule  there  is  no  positive  proof  to  tliis  ett'ect, 
the  abundant  ])rcsence  ot"  the  micrococcus  represented  in  Figure  4, 
and  its  morphological  resf'piM:iuce  to  the  Ibrm  shown  in  Figure  1, 
makes  it  seem  highly  |)robable  that  this,  rather  than  ooe  of  the 
Other  forms  referred  to,  is  the  parent  form  in  this  case. 

It  will  be  noticed  that  in  Figure  4  the  micrococcus  is  more 
abundant  over  the  cj)ithe]ial  cell  than  around  it,  and,  indeed,  the 
cell  seems  to  be  invaded  by  the  organism  ;is  if  it  were  parasitic 
upon  it.  This  is  a  very  common  appearance,  and  in  many  cases 
the  epithelial  cells  are  seen  to  be  invaded  to  a  greater  extent  even 
than  in  the  example  which  has  served  for  tiiis  photo-micrograph. 

It  must  be  remembered  that  micrococci,  morjjhoh)gicaIly  resem- 
bling these,  are  commonly  found  in  saliva  which  does  not  possess 
marked  virulent  properties  as  well  as  in  that  which  does,  and  if 
the  orgauism  is  specifically  tiie  same  iu  botii  cases,  we  must  admit 
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the  existence  of  varieties  possessing  physiological  peculiarities, 
although  morphologically  identical. 

It  may  be  well  to  say  here  that  tlie  sliarj>ly  defined  photo<rraphic 
image  of  these  minute  organisms  which  is  seen  in  the  figures,  can 
only  be  ol^ained  by  staining  processes  and  by  the  use  of  firjit-class 
objectives.  A  iaihire  to  demonstrate  the  presence  of  this  micro- 
coccus  wiili  a  i  or  \  inch  objective  without  the  use  of  a  suitable 
feUining  fluid,  cannot  be  accepted  as  pioui  of  its  absence. 

In  tiicsc  photographs  the  staining  was  afi'ected  witii  io<iiue  solu- 
tion, as  the  yellow  or  brownish  color  which  this  gives  is  well 
adapted  forgiving  strong  pliuioirniphic  contrast.  When  there  is 
a  distinct  cell  wall,  as  in  the  larger  bacteria,  leptoiiirix,  etc.,  a  still 
better  effect  can  be  obtained  by  first  coverin;^  the  organisms  (dried 
npon  a  thin  cover)  with  strong  sulphuric  acid  for  a  vorv  short 
time  (oyc  or  two  minutes),  and  after  washing;  this  off  t>y  a  gentle 
stream  of  water,  immersing  the  cover  in  a  weak  solution  of  iodine 
(iodine,  gis.  iii,  potassio  iodideigrs.  v,  distilled  water,  grs.  200)  for 
a  few  minutes. 

For  ordinary  microscopical  examination,  I  have  Ion  ml  no  «tnin- 
iog  fluid  equal  to  a  solution  of  aniline  violet,  first  recouiuieuded 
by  Koch. 

The  most  striking  m  ii  fihological  difference  betwcon  the  micro- 
cmtcus  as  shown  in  Fi^in  es  2,  3  and  4,  and  iu  Figure  1,  is  the 
aureole  which  surrounds  the  well-detiued  dark  central  portion  in 
the  jatter  fij^ure. 

Pasteur  says  of  this  appeanincc:  "This  organism  is  sometimes 
80  small  that  it  may  escape  a  superficial  observation.  ...  It  is  an 
extremely  short  rod,  a  little  compressed  towards  the  middle,  re- 
sembling a  figure  8.  .  .  .  Each  of  ihese  little  particles  is  surrnuridr.d 
at  n  certain  focvj^  with  a  8oH  of  aureole  tohicJi  corref^nd$  perhaps  ia 
a  material  sub. /<f  li  I  e." 

Pasteur's  inference  that  this  aureole  represents  a  material  sub- 
stance", and  is  not  simply  the  result  of  ditfraction,  is  full  v  sustained 
by  my  observations  and  my  pliotographs.  The  sligliter  aureole 
seen  in  Figures  2  and  3  is  probably  a  result  of  ditfractio!^ :  but 
the  use  of  aniline  violet  as  a  staining  fluid  promptly  demonslratcs 
tliat  in  Figure  I  we  have  to  do  with  a  material  substan<'c.  The 
refractive  index  of  tiiis  substance  must  be  very  nearly  that  of 
blood  serum,  for  it  is  with  great  difficulty  that  this  nnrrole  can  be 
didtiuguished  without  the  aid  of  staining  nlateriai.    it  may  be 
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seen  hy  the  practiced  eye  with  a  good  immenion  lens,  but,  as 
already  mentioned,  even  the  darker  central  portion,  which  alone  is 
seen  at  iirbt,  may  eubily  e:>cape  observation,  and  a  false  impression 
is  obtained  as  regards  the  real  sise  of  the  organism.  When,  how- 
ever, a  small  drop  of  bloody  dried  upon  a  thin  glass  cover,  is 
immersed  for  a  minute  or  two  in  a  solution  of  aniline  violet,  and 
then  washed  and  examined  with,  even,  a  good  ^  inch  objective, 
the  observer  will  be  astonished  to  find  a  multitode  of  organisms, 
solitary,  in  pairs,  and  in  chains,  having  a  diameter  of  more  than 
1  ft,  and  mostly  possessing  an  oval  or  elongated  form,  which  might 
lead  to  tlie  inference  that  they  should  be  referred  to  the  genus 
BaeUrium,  Duj.,  ratlier  tlian  to  Jfiei*oeocctt8,  Cohn. 

The  reason  of  this  apparent  change  in  dimensions  as  the  result 
of  staining,  is  that  tlie  substance  which  constitutes  the  almost 
invisible  aureole  is  deeply  stained  by  the  aniline,  and  the  central 
portion,  which  was  before  seen  because  of  its  highly  refractive 
index,  is  now  lost  to  view  in  the  uniform  and  deep  violet  color 
wliich  the  whole  organism  possesses. 

A  careful  study  of  Fig;ure  1  will  show  that  the  infcroiice  which 
might  be  drawn  from  tlic  examination  of  a  specim^^ii  -laliiod  with 
aniline  violet  as  to  the  oval  or  rod  form  of  the  ur^rani-iin  is  not  a 
c*jrrcct  one.  It  will  bo  seen  tliat  a  certain  nuinher  of  spherical 
(micrococcus)  orgaaibms  r.re  seen  in  the  field,  ami  tiiul  Uie  oval 
and  elongated  forms  evidently  represent  successive  .stages  in  the 
prcicess  of  tission,  which  is  seen  on  the  point  of  completion  in  the 
tigiirc  eight  (8)  form,  in  which  two  spheres  arc  coupled  together 
and  enveloped  in  a  transparent  matrix.  It  may  be  necessary  to 
explain  tiiat  tlie  laree,  dark  colored,  and  ill-defined  objects  in 
the  fieKl,  are  l)lood  corpuscles  changed  in  appearance  hy  tlie 
actiuu  of  the  ludiue  solution  used  for  staiuing  the  micrococcus. 
(Fig.  1.) 

When  a  culture-tube  containing  bouillon  made  from  the  flesh  of 
the  rabbit  is  inoculated  with  a  minute  quantity  of  bloud  taken 
from  a  rabbit  recently  dead  and  containing  tlic  organism  shown 
in  Figure  1,  and  placed  in  an  oven  at  a  temperature  of  37°  Cent., 
there  is  a  rapid  multiplication  of  the  micrococcus,  which,  it  is 
proved  ex[>eriraenlally,  retains  its  virulent  pro|)erties.  While  in 
process  of  active  multiplication  the  organism  also  retains,  at  least 
to  some  extent,  its  ciiaracteristic  form  as  shown  iu  Figure  I,  and 
presents  tlie  appearance  of  beiug  surrouudeii  by  an  aureole  as 
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already  described.  But  in  a  limited  amount  of  the  culture-fluid 
the  process  of  muitipHcatioa  by  fission  soon  ceases. 

Observations  thus  far  made  indicate  that  from  six  to  twenty-four 
hours'  time  is  sufficient  to  exhaust  the  capacity  of  the  cultare-Aaid  for 
sasiainiiig  the  developmeat  of  the  organism. 

M  lieii  tlie  Ii(jnid  is  cxaiiiiiiecl  during  the  first  few  hours  after 
inoculation,  it  is  seen  to  be  slightly  opalescent,  and  upon  micro- 
scopical examination  is  found  to  contain,  distributed  through  it, 
an  abundance  of  micrococci,  solitary,  iu  pairs,  and  in  short  chains. 

At  a  later  period  (48  hours)  the  micrococcus  will  be  found 
chiefly  at  the  bottom  of  the  fluid  in  groups  or  zooglosa  masses  as 
seen  in  Figures  2  and  3,  and  without  the  aureole  of  transparent 
material  which  characterizes  it,  especially  in  the  blood  of  the  rab- 
bit, during  its  active  multiplication.  There  can  be  no  question 
that  we  have  here  the  same  organism  for  this  culture-liquid  in* 
jected  into  the  sub-cutaneous  connective  tissue  of  a  rabbit  produces 
fatal  septicaemia,  and  the  blood  of  the  victim  swarms  with  the 
form  shown  in  Figure  1. 

If  a  cuhnro-li*jUid  in  which  the  micrococcus  has  been  present 
in  abundaiice  be  examined  at  a  later  date  (one  or  two  weeks),  the 
organism  will  be  no  lonjrer  found,  at  least  in  a  recognizabif*  tonn; 
and,  so  far  as  my  experiments  go,  the  culture-liquid  no  lonp^er 
exhibits  any  virulence  when  injected  beneath  the  skin  of  a  rabbiL 

Mr  experimt'iiis  ihu:*  far  indicate  that  no  g-erras  are  fonned  in 
the  l)l<Hjd  or  in  culture-tubes,  which  may  be  j)reserved  lor  an  iiidefi- 
Diie  lime,  and  theu  employed  for  starLing  a  new  series  of  culture-ex- 
periments, as  in  the  case  of  Bacillus  anthracis,  etc.  I  design  making 
furtlicr  experiments  in  this  direction,  however,  and  from  what  is  kuown 
of  the  life  hi>t'irica  of  allied  organisms,  we  luive  rea^ian  to  expect  that 
permaueat  spores  may  be  obtained  capable  of  preserving"  their  vitality 
indefuutely,  when  ibe  coudilious  of  iheir  development  have  been  more 
fully  Hiudied. 

From  what  has  been  already  said^  and  from  a  critical  study  of 
my  photo-micrographs,  it  will  be  seen  that  the  measurement  given 
by  Cohn  for  Mieroeoceu9  .scpdais^  by  Pasteur  for  the  organism 
described  by  him,  and  by  myself  in  my  first  paper,  viz:  0.5 /i,  is 
too  small  for  the  organism  represented  in  my  photo-micrographs. 
The  amplification  in  these  is  exactly  1^000  diameteni^  if  the  mi- 
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cronieter  plate  in  niy  possession  is  accurate  (Powell  &  LelancVs). 
But,  accorc]in(;  to  my  measurements,  tlie  microtHM'eus  as  shown  in 
Figures  2  and  3  is  but  little  less  tlian  1  n  in  diameter,  while  the 
or^anii^m  as  shown  in  1  i*;ure  1  is  of  nearly  twice  this  diameter, 
when  the  aureole  is  included  in  the  measurement.  The  most  re- 
liable measurement  is,  perhaps,  to  be  obtained  from  the  group 
shown  in  Figure  3,  in  which  the  micrococci  may  be  supposed  to 
touch  each  other.  By  measuring  two  or  three  lying  in  juxtaposi- 
tion in  a  right  line,  we  reduce  the  probable  error  wliich  in  a  single 
one  results  from  the  somewhat  uncertain  outline  of  the  organism 
as  shown  in  a  photo-micrograph.  Adopting  this  method,  I  obtain 
an  average  dianjeter  of  ayoyTT  of  an  inch  from  Figure  3,  and  nioo 
of  an  inch  from  Figure  1  {including  the  aureole).  It  must  be 
remembered  that  slight  ditlerences  are  likely  to  be  deceptive,  as  it 
is  impossible  to  obtain  exactly  the  same  focus  in  every  instance, 
and  the  apparent  size  is  influenced  tosonie  extent  by  the  particular 
focus  at  winch  the  picture  is  taken^  and  possibly  also  by  the  stain- 
ing material  employed. 

Fie^ure  5  is  inrroduced  to  show  that  there  are  micrococci  and 
micrococci.  The  s{)eeie8  (?)  here  represented  was  oi)tained  in  the 
first  instance  from  gonorrh(t!ul  })us,  A  litilr  of  this  pus,  ol)t.ained 
irotn  a  case  of  two  weeks  duiatiun,  hhuucil  upon  microscopical 
examination,  in  a  few  of  the  pus  cor[)useles,  ati  invasion  by  micro- 
cocci, while  the  majority  of  the  corpuscles,  as  well  as  the  li«^juid  in 
which  they  were  susperided,  were  free  from  organisms.  A  culture- 
tube  containing  sterilized  bouillon  (from  ra!)bit)  was  inoculated 
with  a  little  of  this  pus,  and  an  abundant  development  of  niicro- 
cocrns  resulted.  A  second  tube  was  inoculated  from  the  rirst,  and 
a  third  from  the  second.  The  organism  was  found  in  abundance 
in  all  of  these  solutions  (kept  in  a  cnltnre-oven  at  37°  Cent.), 
unchange<I  in  appearance  and  unmixed  with  any  other  forms  of 
bacteria.  One  cubic  centimetre  of  the  liquid  from  culture  No.  3 
was  injected  under  the  skin  of  a  small  rabbit  with  an  entirely 
negative  result.  It  is  evident,  then,  that  physiologically  this 
micrococcus  diil'ers  from  the  dca<l!v  septic  niicrococrus  which  we 
have  been  studying.  Jt  also  presents  slight  morphological  differ- 
ences. It  is  a  litflc  smaller  and  is  more  easily  seen  than  the  J/,  sep- 
ticm  when  examined  without  previous  staining.  This  is  because 
it  has  a  little  color  (?),  or  refracts  light  differently  from  the  latter, 
and  not  being  surrounded  by  an  aureole  of  transparent  material^  it 
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j)re?>eiii.s  a  more  definite  outline.  A  slight  aureole  due  to  diffrao- 
tioD  willy  iM>wevery  be  seea  upon  doeel/  inspectiag  the  photo- 
graph. 

The  question  will  riatorally  be  asked  as  to  the  possible  relatioit 
of  this  orgiunism  to  the  peeoHar  vinileDoe  of  gonorrbtBal  ptu^  I 
have  not  jet  feand  tiine  to  atndy  this  qoestion  ezperiineotalljry 
bat  think  it  quite  probable  that  this  ofganiam  will  be  fi^und  to  be 
identical  with  the  mieroooccus  fonnd  in  pna  from  other  sonreea^ 
«.  g.f  open  wounds,  inflamed  moooos  membfanes,  etc.  Whether 
this  oommon  and  widely  distributed  mlcrooooeas  is  capable  nnder 
special  conditions  of  cultivation  of  developing  into  various  patho- 
genic micrococci ;  whether  it  is  a  distinct  species  from  onr  septic 
micrococcus,  or  wJiether  the  latter  is  a  pathogenic  variety  devel- 
oped from  it,  are  questions  which  can  only  be  settled  by  extended 
and  painstaking  experimental  investigations. 
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In  experiments  previously  re])ort€d  (National  Board  of  Health 
Bulletin,  Vol.  1,  Nos.  29,  30,  37  and  47),  the  comparative  value 
of  certain  wrll-known  and  comtnonly-used  volatile  and  gaseous 
disinfectants  was  tested.  In  these  experiments  vaccine  virus  was 
tho  substance  exposed  to  the  action  of  disinfectants,  and  the  test  of 
disinfection  was  insertion  of  the  disinfected  virus  into  the  arm  of 
an  unvaccinated  child,  virn^*  from  the  same  source  not  disinfected 
being  inserted  at  the  same  time  at  a  diilereut  point.  A  positive 
result  from  tiie  nun  li^iniected  virus  and  a  negative  result  from 
that  exposed  to  tiie  disinfecting  agent  wati  taken  as  proof  of  the 
putcncy  of  this  agent. 

A>  an  additional  test  some  expcrirncnts  wcro  made  upon  the 
bacteria  contained  in  putrid  urine,  the  trst  ot  diriiik<  tion  being 
the  failure  to  multiply  in  sterilized  urine  after  exposure  to  the 
action  of  a  disinfectant.    (See  Bulletin  Xos.  37  and  47,  Vol.  1.) 

The  general  results  of  these  experiments  may  be  ^stated  9a 
follows : 

Chlorine. — In  experiments  upon  vaeciin'  virus,  dried  upon  ivory 
points,  an  exposure  for  six  hours  in  au  atmosphere  containing  5 
volumes  to  1,000  of  air  (2  per  cent.)  was  tbund  to  destroy  the 
potency  of  the  virus.  A  still  smaller  quantity  per  cent.)  was 
found  to  destroy  the  vitality  of  bacteria  dried  upon  a  piece  of 
filtering  pa[)er,  and  it  is  possible  that  further  experiuientvS  would 
liave  demonstrated  the  efficiency  of  this  agent  in  still  smaller 
quantities. 

Nitrous  acid  gas  (generated  by  pouring  nitric  acid  on  copper 
filings  and  collected  over  mercury)  destroyed  the  potency  of  vac- 
cine virus  in  the  proportion  of  1  per  cent.  (1  volume  to  100  of 
air) ;  time  of  exposure  six  hours.  The  experiments  upon  bacteria 
showed  this  agent  to  be  efficient  in  the  proportion  of  ^  per  cent., 
but  it  broke  down  at  \  per  cent.  I  should,  therefore,  place  the 
minimum  amount  wbiob  can  be  safely  relied  upon  to  destroy  dried 
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films  of  virus  and  tlie  bacteria  of  putrefaction  (dried  upoo  filtering 
paper)  at  1  per  cent. 

Sufphurous  acid  yus, — Tiiis  agent  was  tested  in  various  propor- 
tions, aod  was  found  efficient  iu  tlie  proportion  of  1  per  cent,  for 
vaccine  virus  (no  experiments  made  with  a  smaller  amount),  and 
in  the  proportinn  of  ^  per  cent,  tor  bacteria.  Like  nitrous  acid, 
it  broke  down  at  i  per  cent,  in  experiment  No.  40,  in  which  bac- 
teria from  putrid  urine,  dried  upon  filtering  paper,  were  exposed 
to  its  action  for  six  hours. 

The  conclusion  reached  is  that  these  three  agents,  chlorine, 
nitrons  acid  (nitrogen  dioxide),  and  sulphurous  acid  (sulphur 
dioxide)  are  reliable  disinfectants  in  the  proportion  of  1  volume 
to  100  of  air.  It  in  probable  that  a  considerably  smaller  propor- 
tion of  the  above  disinfectants  would  be  efficient  in  destroying  the 
potency  of  thin  layers  of  virns  in  a  moist  state,  or  of  virus  ex- 
posed to  the  action  of  the  disinfectant  iu  au  almu.^phere  .saturated 
%vilh  moisture.  It  was  my  intention  to  determine  the  minimum 
quantity  of  each  of  these  agents  which  could  be  relied  upon  to 
destroy  tlie  j)otency  of  vaccine  virus,  both  in  a  dry  and  in  a 
moist  atmosphere,  but  the  difficulty  of  obtaining  unvaccinated 
persons  upon  whom  to  make  the  trial  has  prevented  me  from 
making  further  experiments  in  this  direction  up  to  the  present 
time. 

OanMie  oM, — ^The  following  remarks,  quoted  from  Bulletin 
No,  47,  show  the  results  reached  in  my  experiments  with  this 
agent: 

The  amoant  of  pore  acid  required  to  destroy  the  vitality  of  bacteria 
(10  grains,  experiment  No.  43)  js  eqnal  to  about  17  pounds  in  a  room 
IS  feet  square  and  12  feet  high  (capacity  1,728  cubic  feet),  and  to 
fulfil  the  conditions  of  the  experiment  in  disinfecting  on  a  large  scale, 
it  would  be  necessary  to  scatter  this  amount  o?er  the  floor  of  a  room 
having  these  dimensions,  and  to  suspend  articles  to  be  disinfected  near 
the  floor  for  at  least  six  hours,  care  being  taken  that  all  apertures  were 
cloBed  so  that  the  fumes  of  the  acid  might  not  escape.  Experiment 
No.  43  shows  that  four  times  this  amount  (68  pounds)  of  "crude" 
acid  placed  upon  the  floor  of  a  room  of  the  same  dimensions  would  not 
destroy  the  Titality  of  bacteria  exposed  in  the  room  for  six  hours. 
Experiment  No.  34  (Bulletin  No.  39)  shows  that  an  amount  of  the 
impure  acid  eqnal  to  46  fluid  ounces  TolatUlsed  in  the  same  room  will 
not  destroy  the  potency  of  Tacciue  firua  in  a  moist  state  (rubbed  up 
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with  «;!ycennp)  when  the  time  of  exposnre  is  twelve  hours.  Finally, 
these  experitiK'Hts  show  that  the  popular  idea,  shared,  perhaps,  by  some 
physifia!is,  that  an  odor  of  carbolic  acid  in  the  sick  room,  or  in  a  foul 
privy,  i^  evidence  that  the  place  is  disinfeeted,  is  ctuirdy  fallacious, 
and,  in  fact,  that  the  use  of  this  a^^ent  a?*  a  volatile  disinfectant  is  im- 
practicable, because  of  the  expense  of  the  ])ure  acid  and  the  enormous 
qaantity  required  to  produce  the  desired  result. 


RBCBirr  EIZPKBIMENTB  WITH  No17-Ga8E01JB  DlSIUPJECrAlVTS. 

Having  ascertained  that  I  have  at  hand  a  ready  means  of  pro- 
ducing a  fatal  form  of  septicsemia  in  the  rabbit  (see  special  report 
to  National  Board  of  Healthy  Bulletin  No  44,  Vol.  II),  and  that 
the  blood  and  serum  from  the  8ab>cutaneoiis  connective  tissue  of 
a  rabbit  recently  dead  possesses  still  greater  virulence  than  the 
human  saliva  used  In  the  first  instance,  the  idea  occurred  to  me 
that  this  virus  could  be  used  to  good  advantage  In  further  experi-> 
meats  with  disinfectants,  the  test  being  Injection  beneath  the  skin 
of  a  healthy  rabbit  As  the  virus  so  introduced  produces  death 
in  from  twenty-four  to  forty-eight  hours,  It  is  evident  that  a  nega- 
tive result  after  treatment  with  a  disinfectant  is  proof  of  its  power 
to  destroy  the  virulence  of  the  injected  material  or,  in  other  words, 
to  disinfect  \i» 

My  results  have  been,  in  the  main,  very  definite  and  satisfac- 
tory, but  my  experiments  have  brought  to  light  certain  facts  which 
I  did  not  fully  appreciate  at  the  outset,  aud  which  to  some  extent 
detract  from  the  value  of  the  experiments  herein  reported. 

These  fiMts  are : 

(a)  The  action  of  certain  substances  may  so  modify  the  potency 
of  the  virus  that  the  fatal  event  is  postjioned  from  the  fiflh  to 
ninth  day  instead  of  occurring  as  usual  during  the  first  forty-eight 
hours  afler  injection;  consequently  the  assumption,  upon  which  I 
at  first  acted,  that  a  rabbit  which  seemed  in  good  health  four  or 
five  days  after  an  injection,  could  be  placed  to  the  credit  of  the 
disio^tant  and  used  for  another  experiment,  cannot  be  considered 
a  safe  one,  and  it  would  have  been  better  to  allow  a  longer  time 
to  elapse  or  to  have  used  a  fresh  rabbit  for  each  experiment  This 
criticism  only  applies,  however,  to  a  small  number  of  the  experi- 
ments made,  as  I  have  rarely  given  more  than  two  injections  to 
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the  same  animal,  an(^  in  cases  where  a  negative  result  followed  the 
second  as  well  as  the  tirst,  the  evidence  is  j)erfectly  definite,  the 
doubt  only  occurring  in  those  cases  in  which  a  fiatal  result  followed 
a  aeoood  injection,  which  might  possibly  liave  been  due  to  the  pre- 
viottB  injection,  while  credited  to  the  last  one  made. 

The  following  experimenta  will  eerve  as  examples  of  this  post- 
pdDemeiit  of  the  &tal  event  aa  the  result  of  the  action  of  the  dis- 
infectant used : 

JuM  75.~lDjected  0.5  c  o.  of  virus,  to  which  had  been  added 
one-tenth  of  1  per*  cent  of  iodine  (in  aqueous  solution  with  potas- 
sium iodide). 

EetulL — Died  June  24.  PotirmorUm  examination  made  imme- 
diately after  death  (died  in  convulsions)  showed  hemorrhagic  ex- 
trava:>ations  under  the  skin  in  vicinity  of  point  of  injection,  spleen 
enlarged  aii  l  dark  colored,  liver  normal,  blood  from  hemorrhap^ic 
extravasatioiiis  under  skin  and  I'rom  mesenteric  veins  (no  other 
examinations  made)  contains  an  abundan(;e  of  micmrocci. 

Same  date  (July  1'6). — Injected  0.5  c.  c.  of  virus  contaiiiiog  10 
per  cent,  of  oil  of  eucalyptus  globulus. 

BesuU. — Died  June  21  (was  killed  when  evidently  on  the  point 
of  death).  Bloo(^  drawn  into  graduate  measure  coagulates  very 
firmly.  Serous  discharge  from  bowels  (abundant)  contains  an 
abundance  of  micrococci  and  other  forms  of  bacteria;  no  bacterial 
organisms  found  in  the  blood;  no  cellnlitis;  liver  and  spleen 
normal* 

Remarks  iix  this  Case. — ^There  is  no  evidence  of  septiciemia^ 
and  it  may  be  that  the  fatal  result  was  due  to  the  independent 

action  of  the  oil  of  eucalyptus,  or  to  some  other  cause  independent 
of  the  injection  made.  8ome  of  the  serous  discljarge  (0.25  c.  c.) 
from  tlie  bowels  of  this  rabbit  was  injected  into  a  small  rabbit 
without  result.  An  injection  of  0.5  c.  c.  of  blood  serum  (from 
graduate  measure  after  setraction  of  clot)  into  a  small  rabbit  gave 
also  a  negative  result. 

In  the  first  of  these  cases  the  post-morlem  examination  gave  evi- 
dence of  death  from  septtctemia.  In  the  second  the  evidence  vras 
to  the  contrary  eifect ;  but  it  is  very  evident  that  either  of  these 
rabbits^  if  made  the  subject  of  a  second  ezperlmeoty  on  the  fourth 
or  fiilh  day  after  the  first  injection,  although  apparently  in  good 
health  at  the  time,  would  have  given  an  uncertain  or  &llacious 
result* 
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The  following  experiment  made  at  the  same  time  and  with  the 
eame  virus  as  the  preceding  is  given  to  show  that  this  virus  was 
reliable: 

June  IS, — Injected  0.5  c.  of  viras  one  part  and  camphor  water 
(aqua  camphora  of  the  PharmacopoGia)  one  part  into  a  small 
rabbit. 

BetuH, — Death  ocenrred  during  night  of  Jane  16  with  the 
usual  symptoms  of  septicemia — diffuse  cellulitis,  enlarged  spleen, 
musroooooi  in  blood,  and  effused  serum  in  sub-cutaneous  connective 
tissue. 

(6)  Several  small  rabbits  have  died  without  any  injection,  and 
firom  the  appearance  of  the  spleen  and  the  presence  of  the  micro- 
coccus in  the  blood,  I  have  concluded  that  these  were  esses  of 
septiciemia,  not  of  traumatic  origin,  resulting  from  confinement  in 
cages  in  which  other  rabbits,  tHe  subjects  of  my  experiments,  have 
died.  These  septicsemic  rabbits  have  very  commonly  a  serous 
dtarrhfloa  shortly  before  death  by  which  their  cages  and  the  food 
remaining  in  them  are  soiled,  and  which  contains  an  abundance  of 
septic  micrococci.  I  have  proved  experimentally  that  not  only 
this  serous  discharge  from  the  bowels  but  the  saliva  of  an  infected 
animal  possesses  virulent  properties  and  produces  speatly  death 
with  the  usual  symptoms.  (See  speeial  report  to  National  Board 
of  Health,  /.  o.)  I  snppose,  therefore,  that  the<e  deaths  resnltcd 
from  exposure  in  infected  cages,  a  supposition  which  is  supported 
by  the  observations  of  Davaine,  who  afiirms  ihat  scptieanua  inay 
0€x:ur  among  rabbitii  as  an  epizootic  independently  of  any  wound 
or  contact  with  uiher  rab])its  sullering  I'rom  septicaemia.  (Re- 
clicrees  sur  quehjues-uneH  des  conditions  qui  favorisent  on  qui 
empi^chent  le  d6velop{)ement  de  la  septicaemia*  Bull,  de  I'Acad. 
de  Med.,  2  s..  T.  VIII,  p.  121.) 

That  these  lubhiis  died  Ironi  an  infectious  septieieraia  is  further 
proved  by  the  I'act  that  a  small  quantity  of  blood  from  one  of 
them  (0.25  c.  c.)  iiijucied  beneath  the  skin  oi  a  large  rabbit  caused 
death  with  the  usual  symptoms  in  less  than  twenty-four  iiours. 

As  the  companions  of  those  rabbits  of  the  same  age  (less  than 
two  months  and  weighing  about,  a  puund)  were  subjected  to  ex- 
periment and  some  died,  doubt  is  tlirown  upon  the  residt  of  these 
experiments  and  1  am  obliged  to  exclude  them  from  my  record. 

(e)  The  most  important  source  of  error,  however,  and  one  which 
must  be  kept  in  view  iu  future  experiments,  is  the  fact  that  a  pro- 
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tectivc  iiifliioiico  has  been  shown  to  result  from  the  injection  of 
virus,  the  virulence  of  which  has  been  modified  without  being 
entirely  destroyed  by  tlic  ;i^eiit  used  as  a  (ii^inieclant. 

The  following  experiments  will  serve  as  examples  of  this: 
May  24. — Injected  into  a  large  rabbit  (the  subject  of  a  previous 
experiment,  May  13,  ia  which  a  negative  result  was  noted  and  in 
which  O.d  c,  c  of  virus  treated  with  1  per  cent,  of  sodium  hypo- 
sulphite was  injected)  1.25  c.  e.  of  virus,  Dot  disinfeetedi  from 
rabbit  recently  dead. 
Result  negative. 

Seme  daU  (May  24). — Injected  into  large  rabbit  (subject  of  pre- 
vious experiment,  May  13,  in  which  0.15  o.  c.  of  a  mixture  of 
virus  three  parts  to  alcohol,  95  per  oent.,  one  part  was  injected) 
1.25  c  c.  of  virus  not  disinfected. 

Remit — ^This  animal  died  June  2,  nine  days  after  the  injection. 
Post-mortem  examln  ition  showed  the  spleen  to  be  small  and  dark 
colored;  liver  com  uiiiied  numerous  small  abscesses  j  no  diffuse  cel- 
lulitis; nr.  micrococci  in  blood.  A  small  quantity  of  the  blootl 
of  this  animal  (0.25  c.  c.)  was  injectetl  into  a  small  white  rabbit 
(weighing  about  one  pound).  This  animal  died  June  6.  Post- 
moitem  examination  disclosed  limited  cellulitis  without  the  presence 
of  micrococci;  liver  and  spleen  normal;  no  micrococci  in  blood, 
which  contains  numerous  granular  white  corpuscles. 

Remarks. — ^These  two  animals  probably  died  as  the  result  of 
the  injections  made,  but  they  evidently  did  not  die  from  the  malig* 
Bant  infectious  septicasmia  produced  by  introduction  beneath  the 
skin  of  an  nnprotected  animal  of  a  small  quantity  of  fluid  con- 
taining the  micrococcus.  In  the  latter  case  we  not  only  have  the 
marked  diflferenoe  as  to  date  of  death,  but  the  characteristic  diffuse 
cellulitis,  the  greatly  enlar^  spleen,  and  the  presence  of  the 
micrococcus,  as  distinguishing  characteristics.  It  may  be  that 
dealli  in  these  eases  resulted  from  the  poisonous  properties  of  the 
sepciu,  a  chemical  poison  <H)iitaine(l  in  the  l»loud  injected,  but  it  is 
evident  that  both  of  the  large  rabbits  previously  experimented 
upon  i)ossessetI  an  immunity  from  the  action  of  tiie  septic  micro- 
coccus, or  rather  that  it  could  not  multiply  in  the  bodies  of  ihosiQ 
protected  animals,  and  consequently  that  death  did  not  result  from 
the  infectious  form  of  seplicsemia,  which  has  recently  been  the 
subject  of  my  studies  (/.  c).  This  immunity  corresponds  with 
what  has  been  proved  to  be  the  case  in  ekarbon^  chicken-choleiay 
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and  pleuro-pnetimonia  of  cattle,  in  which  diseases  it  has  been 
shown  that  protective  inoculatioiis  may  be  practiced. 

In  the  first  case  above  reported  the  result  was  completely  nega- 
tive' although  the  amount  of  virus  injected  was  considerable 
(1.25  c.  c),  and  this  virus  was  proved  by  comparative  experiments 
to  be  potent.  Other  evidence  might  be  adduced  hi  £ivor  of"  the 
view  that  protection  results  from  the  effects  of  inoculations  made 
with  virus  modified  by  the  action  of  certain  agents;  but  my  object 
here  has  simply  been  to  show  the  importance  of  considering  lliis 
possible  protective  influence  of  previous  injections  ia  making  dis- 
iulection  experiments  u])on  a  virus  of  this  character. 

My  method  of  collecting  virus  for  disinfection  experiments  has 
been  to  wipe  up  ihe  bloody  serum  from  the  sub-cutaneous  con- 
nective tissue  and  from  the  thoracic  and  abdominal  cavities,  after 
removal  of  the  viscera  and  j)uncture  of  the  large  veins,  with  dry 
cotton,  which  is  then  washed  out  iu  water.  The  potency  of  this 
diluted  virus  has  been  amply  proven  and,  iadcc<l,  in  every  series 
of  eacperiments  made  at  the  same  time  and  with  the  same  material, 
1  have  obtained  evidence  of  virulence  either  from  injection  of  non- 
disinlecteil  virus  as  a  check  experiment,  or  by  the  failure  of  one 
or  more  of  the  substances  undergoing  trial  as  disinfectants.  Thus 
in  the  experiments  just  reported,  the  same  virus  killed  a  rabbit  in 
leas  than  three  days  after  having  been  treated  with  u  4  per  cent, 
solution  of  magnesia  sulphas. 

I  have  not  attempted  to  determine  the  minimum  quantity  of 
virus  that  would  be  effectual,  but  have  kept  on  the  safe  side  by 
injecting  quantities  much  in  excess  of  the  amount  required  to  pro- 
duce fatal  septictemia.  In  tfie  experiments  of  Davaine  c),  in 
which  the  vims  in  the  first  insiiuice  was  obtained  from  a  different 
Bource,  fatal  septiopmia  was  produced  by  injections  of  septicsemic 
blood  in  quantities  as  small  as        part  of  a  drop. 

"\\  lien  we  lu-p  dealing  with  a  virus  of  which  the  virulence  de- 
jjeiids  upon  the  prefecnce  of  a  living  organism  capable  of  self-mul- 
tiplication in  the  body  of  the  animal  into  which  i(  is  introduced, 
it  ia  evident  that  the  (^uetition  of  quantity  is  quite  secondary  to 

1  In  tbe»e  experimentB  no  temperature  observations  have  been  made,  and  by 
a  n»gatx»9  result  Ikilttre  to  kill  only  Is  implied.  No  doubt  tlif^bi  Indisposition 
und  ft  greater  or  less  amount  of  fever  niig)»t  have  bevn  veritied  in  many  cases 
by  careful  observalion>,  but  tho  object  in  view  r<-riil(>r(>d  such  observations  un- 
necessary and  want  of  Umo  rendered  them  impracticable. 
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that  of  vital  activity  on  the  part  of  the  pathogeoio  oi^gaiusm  aad 
vital  resistanoe  upoo  the  part  of  the  living  tisBoes  of  the  animal 
Bubjected  to  its  action. 

It  aeema  probable^  in  the  light  of  recent  experimentSi  that  patho- 
genic properties  in  these  lowly  oiganiams  depend  upon  lapiditj  of 
development  and  adaptability  to  conditions  enoh  as  are  fonnd  in 
the  interior  of  the  bodies  of  living  animals,  and  that  these  qnali- 
ties  may  be  developed  in  common  and  uairally  harmless  bauterial 
oiganisms  as  the  result  of  specially  favorable  conditions,  such  aa 
high  temperature,  ahundance  of  pabulum,  Ac. 

That  the  virus  which  has  been-  used  in  these  experiments  ia 
capable  of  producing  death  in  much  smaller  quantities  than  those 
used,  is  shown  by  the  following  experiment : 

Jvine  B» — ^The  needle  of  a  hypodermic  syringe  was  dipped  into 
the  blood  of  a  septicsmio  rabbit  just  dead^  and  proved  by  micro- 
scopical examination  to  contain  an  abundance  of  the  micrococcus. 
It  was  then  introduced  under  the  skin  of  a  small  rabbit 

BmiU, — ^This  animal  died  within  48  hours  and  presented  all 
the  usual  appearances  of  death  from  septicemia. 

An  additional  possible  source  of  error  will  suggest  Itself  aa 
arising  from  the  extreme  vimlence  and  the  small  quantity  of 
material  required  to  produce  death*  A  vey  little  of  this  mate- 
rial, not  disinfected,  adhering  to  the  needle  of  the  hypodermic 
syriuge  from  one  experiment  might  be  the  cause  of  death  in  a 
succeeding  one  and  might  improperly  be  ascribed  to  &ilure  of  the 
disinfectant  used  in  the  last  experiment  This  possibility  I  have 
had  in  view  and  have  carefully  guarded  against  by  a  thorough  disin- 
fecting and  cleansing  of  my  syringe  after  each  injection.  This  has 
been  effected  by  means  of  a  10  per  cent  solution  of  carbolic  acid 
or  more  frequently  with  diluted  sulphuric  acid,  Allowed  by  re< 
peated  washings  with  pure  water. 

My  practice  has  been  to  mix  the  different  disinikstants  to  be 
used  at  one  time  with  se^mrate  portions  of  virus,  obtained  as 
already  described  from  the  cellular  tissue  and  blood-vessels  of  a 
rabbit  recently  dead,  in  small  beakers  well  cleaned,  and  to  allow 
a  period  of  twenty  minutes  to  half  an  hour  for  the  action  of  the 
disinfecting  agent  before  making  an  injection. 

Standard  solutions  of  the  different  substances  to  be  tested  were 
kept  in  glass-stoppered  bottles,  and  at  the  outset  of  my  experi- 
ments these  ^lutions  were  made  of  the  strength  of  6  per  cent 
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Solations  of  4  per  cent,  were  aflerwards  substitated  for  theae 
because  of  the  greater  convenience  in  re<1ucing:  the  quantity  with- 
out fractions.  Thus  one  part  of  virus  and  one  part  of  a  standard 
4  percent,  solution  gave  me  the  proportion  of  2  peroeat.;  three, 
parts  of  virus  and  one  of  the  disinfectant  gave  the  proportion  of 
1  per  cent.,  <fec. 

Having  i'liii  ly  stated  the  possible  sources  of  error  in  experiments 
made  by  this  method,  I  niiiy  he  permitted  to  Bay  that  I  believe  my 
results  to  he  in  the  niaiu  reliable,  and  that  the  substances  which 
have  best  stood  the  test  may  be  ilependcd  upon  iu  practical  disin- 
fection in  the  proportions  l"ouu<]  to  be  efficient. 

In  bnt  a  sinjrle  instance  have  I  had  a  eontradictorv  result  in 
which  the  j^reater  quantity  failetl  and  the  Hinallcr  did  not.  This 
was  in  the  use  ot  zinc  chloride,  with  which  three  experiments  were 
made.  The  rabbit  injected  with  1  per  cent,  died,  wiiiie  two  others 
injecte^l  with  2.5  per  cent,  and  O.o  per  cent,  gave  a  negative  result. 
To  which  of  the  possible  causes  ot  error,  already  {winted  out,  this 
contradictory  result  is  due,  I  am  unable  to  say.  The  rabbit  in- 
jected with  1  per  cent,  may  have  died  from  some  cause  indepen- 
dent of  the  injection,  or  from  the  remote  ^lleets  of  a  previous 
injection,  or  the  rabbit  injected  with  0.5  per  cent,  may  have  been 
protected  by  a  previous  injection.  It  is  evident  that  in  future 
experiments  by  tliis  method  it  will  be  desirable  to  use  a  previously 
uninjected  animal  for  each  experiment. 

After  this  somewhat  lengthy  preamble,  which  has  seemed  neces- 
sary, I  shall  proceed  to  detail  the  results  of  these  experiments, 
placing  hrst  those  substances  which  have  proved  most  efficient. 
For  convenience  each  experiment  will  l)c  recor(le<l  by  placing  after 
the  name  of  the  substance  used  the  figures  representing  the  pro- 
])ortion  in  which  it  was  used.  Death,  or  fiiihjrc  to  disinfect,  is 
indicated  by  a  full-faced  figure  representing  proportion  of  disinfec- 
tant used.  The  plain  figure  indicates  a  negative  result  or  destruo 
tion  of  virulence  by  disinfectant  (disinfection). 
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Gboup  1. 

Dkmfedanis  efficiml  tn  ihe  proportion  of  0.6  per  emU,  or  fen. 

lodinB  (in  aqueous  solalioD  with  potassium  iodide)|  1.25^  0.5, 
0.26,  0.2,  0.t* 

Chramte  add,  1»  0.5,  0.2,  0.1.  (No  failure.) 
Ferric  mOphaU,  1.25,  0.5,  0.25,  0.12,  0.12/ 
(Xiprie  gtUphaU,  1,  0.5,  0.25,  0.1* 
Thifmol  dissolved  in  aloohol,  1,  0.25,  OX 
OiiMljb  nda,  2.5, 1,  0.5,  0.25,  0.3. 
mric  add,  1.26»  0.5,  0.25,  0.2. 
Sv^^mrw  add,  1.25,  0.5,  0.25. 
Ferrie  tesqtUdUoridef  1, 0.5,  0.25. 
Sodium  hypomlphiley  1,  0.5,  0«25t 
Sydroehlorio  add,  0.5,  0.25. 


Qboup  2. 

Dkin/edanis  whicJi  failed  at  0,6  per  eentf  but  proved  ^ffidetU  m 

proportions  bdow  ^  per  cent. 

Carbolic  acid,  2.5,  1.25,  0.5. 

iSalici/fic  acid  (as  salicvlate  of  soda),  2.5,  1.2-3,  0.5. 
Zinc  chloride f  2.5,  1,  O.5.* 
Caustic  potash,  2.5,  1,  0.5. 

I  III  tin-  pxpfiriment  with  0  1  por  r<»nt.  the  nnimHl  did  not  die  until  idevcn 
days  aft«*r  thi-  injection  ;  it  5?,  thcr ofnn^,  Imrdly  liiir  to  consider  this  a  failure  of 
the  disinfectant,  but  m  the  absence  oi  additional  experiments  I  have  thought  it 
bett  to  mark  thii  as  a  failure,  nnd  to  asBume  that  tite  limit  of  safety  as  to  pro- 
porUoa  of  tlie  diBinfectunt  required  has  been  passed.  It  was  my  intention  to 
mako  a  separate  snrics  of  <'X}pt'riincnt:^  with  potassium  iodido  for  the  purpngo  of 
uscortHining  whotbnr  this  ii^cnt  ^h<»uld  rpcpivi-  h  (lortion  of  the  credit  for  the 
redult«  obtained  by  the  solution  utied.  The  scarcity  ut  rabbits  has  prevented 
me  tnm  making  this  experiment  up  to  the  present  time. 

s  Two  experiments  were  mudo  with  0.12  per  cent,  of  ferric  sulphate,  in  one 
of  which  the  rr>«uU  was  negative  (duinfection),  and  in  the  other  the  rabbit  died 
(failure  tn  di.^intcrt). 

^  See  remarlu  on  page  209  fur  explanation  of  this  contradictory  result. 
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Iron'-ahtm^  2,  1. 

^  MifpAoto,  1.25,  0.5. 

Pokunum  tuipfnde  (sulphuret),  2,  0.5. 

Tanme  aady  1 ,  0.5. 

BorwMt  add,  2, 1,  L 

PaUudum  'permanganate,  2,  1,  1, 

Sodivm  InbwaU,  2.5, 1.25. 


Group  3. 

SubtltsMU  which  failed  to  ditU^ed  in  the  proporiion  of  2  per  e&nt 

Potatrium  witraU,  4* 

Poiawium  ckloraUf  4, 

Sodium  chlorUh,  2.5» 

Alxmy  L25,  4. 

Lead  aoeUUe,  2, 

ifcr^nesta  mUphaUt  4^ 

Oljfemne,  25, 12.6, 10. 

^Ax)^  (95  per  cent),  25, 12.5,  lO, 

Oamphor  water^   Equal  parte  of  camphor  water  and  Tiraa  were 
iojected  with  a  fatal  result  « 
PyroffaUtoaeid,!, 
OU  eitoafypfm  globubt§,  10.^ 

Bkmabkb.— It  waa  my  intention  to  make  ^tbis  experimental 
inquiry  as  complete  as  possible  before  reporting,  and  to  fix  defi- 
nitely the  minimum  quantity,  which  may  be  relied  upon  to  destroy 
the  potency  of  septic  vims  {Miorocoeowi  tepHeus^  of  those  sub- 
stances most  commonly  used  as  disinfectants,  or  prescribed  inter- 
nally, or  as  lotions,  with  a  view  to  their  antiseptic  action ;  also  to 
determine  the  time  during  which  the  septic  virus  will  retain  its 

'  Tho  rabbit  iiijectpd  with  one  yuirt  of  oil  cncfilyptus  to  nino  of  virus  did  not 
die  until  eight  d»y»  Ht'ter  the  injection,  and  iMe  posi-moriem  oxiamiUiUon  nhow*id 
that  it  did  not  die  of  MptioMnia.  This  Mumot,  therefbfe,  be  fairly  conildered  a 
failure  to  disinftet,  and  further  experiments  wUl  be  required  to  determine  tbe 
valuf  of  thi<:  accent,  which  is  •■specially  interesting  just  BOW  from  the  fiust  that 
Lister  is  luing  it  in  hii  antiseptic  dresaings  to  wound*. 
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potency  in  «  diy  stste^  the  effbct  of  gaseous  and  yokttle  disin- 
fectants upon  the  dried  yinis,  both  in  a  dry  and  moist  atmoa- 
pbere;  the  oompamtive  value  of  yarions  proprietaiy  dbinfeotanta 
now  in  the  marlcet ;  the  thermal  death-point  of  JfieroeoooiM  a^ft- 

It  will  be  seen  that  I  have  &llen  far  short  of  the  aeoomplish- 
ment  of  this  pnrpoae,  bat  I  have  thought  it  best  to  xeport  what 
has  already  been  aooomplished,  as  praotical  sanitarians  may  obtain 
some  hints  of  value  from  the  experiments  recorded,  and  it  is  veiy 
nnoertain  when  I*will  be  able  to  resume  my  experiments,  which  I 
have  been  obliged  to  discontinue  on  account  of  the  pressure  of 
other  duties  and  the  difficulty  of  obtaining  rabbits  for  experi- 
mental purposes. 
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OBSEBVATIONS  ON  THE  DIRECT  INFLUENCE 
OF  VABIATIONS  OF  ABTEBIAL  PRESSUBE 
UPON  THE  BATE  OF  BEAT  OF  THE  MAM- 
MAUAN  HEABT.  By  NEWELL  MARTIN,  M.  A., 
H.  D.»  D.  Be.   WUh  Plato  XT. 

The  earliest  observatioiw  on  this  subject,  so  ikr  as  I  Isnow,  were 
made  by  Marey  (Reclierches  sur  le  pools  au  njoycn  d'an  nonvel 
appareil  enr^gistieor.  Mimairet  de  la  Sadili  de  Biologie,  1859) ; 
bot  as  the  extrinsic  cardiac  nerves  were  not  divided  in  his  ezperi* 
jnentSi  and  a  rise  of  blood  pressure  is  now  known  to  stimulate  the 
modoUaTj  cardio-inhibitorj  and  accelerator  nerve  centres,  the 
results  obtained  by  him  give  really  no  information  as  to  the  direct 
influence  of  increased  aortic  tension  upon  the  fate  of  the  heart's 
beat.  Since  then  others  have  experimented,  previously  dividing 
the  extrinsic  cardiac  nerves,  Ludwig  and  Thiry  in  1864  {SUA.  d, 
Aiad,  d.  WUaeM^  zu  Wkn)  leading  the  ay ,  but  the  general  result 
is  that  the  matter  has  been  left  in  a  highly  unsatis&ctory  state. 
Some  find  that  variations  of  arterial  pressure  have  no  effect  on  a 
heart  whose  venous  connections  with  other  parts  of  the  body  have 
been  severed;  others  that  arterial  pressure  and  pulse  rate  rise  and 
&II  together;  others  that  the  pulse  quickens  when  arterial  tension 
is  lowered  and  vice  versa.  Finally,  Tschirjew  {Arch./.  AnaL  v. 
PhynobgUf  Jakryang  1877,  p.  116),  the  latest  writer  on  the  sub- 
ject, finds  all  of  the  above  effects  in  different  cases :  as  the  result 
of  an  extensive  series  of  experiments  he  comes  to  the  conclusion 
that  after  section  of  all  the  extrinsic  heart  nerve  paths,  "  any  con- 
siderable and  rapid  elevation  of  blood  preraure  may  directly 
tftimnlate  either  the  inhibitory  apparatus  in  the  heart,  or  its  motor 
ganglia,  and  the  pulse  rate  accordingly  be  increased  or  diminished, 
or  in  more  rare  cases  remain  unaltered.'^  Such  contradictory 
results  obtained  by  a  number  of  competent  workers  lead  naturally 
to  the  suspicion  that  some  error  is  involved  in  the  methods  of 
experiment,  employed ;  the  nature  of  this  error  is  not,  I  thiuk, 
far  to  seek.  The  methods  used  to  vary  arterial  pressure  have  been 
such  as  cause  variations  also  in  several  other  conditions  which 
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either  are  known  to  influence  the  heart,  or  may  possibly  do  so; 
nevertheless  tluse  secondai  v  actiuiis  liave  been  unheeded:  their 
relative  protiiinence  in  any  given  experiment  has  not  been  noted, 
and  any  change  in  the  pulse  rate  has  been  ascribed  solely  to  the 
changed  arterial  pressure.  Qnder  such  circumstances  it  need 
cause  no  surprise  that  very  inconsistent  results  should  be  obtained. 

The  higher  aortic  pressure  is,  the  mare  force  must  be  expended 
by  the  left  ventricle  in  forcing  open  the  semilunar  valves;  that  is 
to  say,  the  higher  will  be  intraventricular  systolic  pressure.  It  is 
this  influenoe  only  of  iucreosed  aortic  preBsare  which  should  be 
meant  when  its  direct  action  upon  the  cardiac  rhythm  is  spoken 
of;  and  to  get  pare  restltB  all  other  con^uences  of  increaaed 
arterial  tension  which  may  influence  the  heart's  rate  of  beat  must 
be  eliminated.  This,  however,  has  not  been  the  case  in  any  series 
of  experiments  with  whksh  I  am  acquainted. 

Arterial  pressure  has  commonly  been  increased  by  clamping  the 
descending  aortic,  either  in  tin  thorax  or  abdomen.  When  this  is 
done,  however,  we  alter  several  other  things  in  addition  to  arte- 
rial pressure — 

(1.)  The  amount  of  blood  returned  to  the  rigiit  auricle  in  a 
given  time  is  almost  certainly  altered,  aod  therelbre  the  rate  of 
filling  of  the  heart  during  diastole. 

(2.)  The  pressure  under  which  venous  blood  enters  the  right 
auricle  is  probably  changed,  and  therefore  intracardiac  presBure  at 
the  end  of  the  diastole. 

(3.)  The  temperature  of  the  blood  returned  to  the  heart  by  the 
systemic  veins  and,  as  a  consequence,  of  the  heart  itself,  is  altered. 
The  blood  returned  to  the  right  auricle  by  the  inferior  cava  is 
known  to  be  warmer  than  that  returned  by  the  superior  cava, 
which  has  not  flowed  through  the  hot  abdominal  organs.  When 
the  aorta  is  clamped  the  heart  get^  only  the  cooler  superior  cava 
blood,  as  the  capillary  tracts  tributary  to  the  inferior  cava  are  no 
longer  sujiplied  with  blood. 

(4.)  It  is  known  that  very  slight  chemical  chnngcs  in  the  blood 
profoundly  influence  the  heart's  beat.  To  quote  no  other  instance, 
Ganle  has  shown  that  the  heart  of  a  frog  previously  kepi  in  the 
cold  and  exhibiting  deflcient  functional  power,  may  be  restored  to 
full  vigor  by  circulating  through  it  the  extract  of  the  heart  of  a 
frog  kept  previously  at  a  higher  temperature.  Blood  in  its  flow 
through  the  abdominal  organs  experiences  important  chemical 
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changes  entirely  differing  from  any  undergone  in  otlier  roLrions  of 
the  Ijody.  If,  therefore,  we  eirenlate  blood  throu<j:h  head,  iicclv- 
and  fore  limbs  only,  and  return  it  again  and  again  to  the  hcai  t 
witht)ut  exposing  it  to  the  action  of  kidnevs,  spleen  and  liver,  we 
very  8oon  liave  a  liquid  to  deal  with  wliich  is  essentially  different 
from  that  whicU  ^owed  through  the  heart  before  the  aorta  was 
ligated. 

Of  coarse  when  the  arterial  preesare  is  lowered  by  opening  the 
previously  clamped  aorta-  all  of  the  above  possible  disturbing  . 
actions  occur  in  the  opposite  direction. 

Another  method  which  has  been  emphn  ed  to  raise  arterial  pres^ 
sore  b  to  injeet  blood  from  another  animal  into  the  carotid  of  the  * 
animal  experimented  upon.  This  also  involves  several  possible 
sources  of  orror.  (1)  Venous  inflow  (luring  cardiac  diastole  is 
almost  certainly  chan^^o'd.  (H)  Venous  pressure  and,  tiiorcrore, 
iiitracaniiac  diastolic  pressure  are  probably  altered.  (8)  The  in- 
jected liK  '  !  may  diller  cheancally  from  that  already  in  the  vessels, 
and  flircctly  act  upon  the  heart.  (4)  Unless  extreme  care  l)e 
taken  the  temperature  of  the  injected  blood  will  be  less  or  greater 
than  that  of  the  already  circulating  blood,  and  will  alter  the  tern* 
perature  and,  therefore,  the  rhythm  of  the  heart.  To  the  above 
objections  it  may  be  added  that  only  slight  increase  of  arterial 
pressure  can  be  brought  about  in  this  way ;  as  is  proved  by  Worm 
MiiUer's  experiments.  {ArbeiUn  atcs  d,  physiol,  Anstali  zu  Xeip- 
fsig,  1873), 

When  blood  pressure  is  lowered  by  bleeding,  diastolic  inflow 
and  pressure  are  altered,  as  well  as  arterial  pressure;  and  also 
probably  the  chemical  metabolisms  experienced  by  the  blood  in 

its5  flow  through  ditiereut  organs. 

As  some  one,  at  least,  of  the  above  secondary  in  fluencies  has 
been  present  in  all  previous  expeiiuients  as  to  tliQ  influence  of 
variations  of  arterial  pressure  upon  tlie  pulse  rate,  it  is  clear  that 
none  of  these  experiments,  interesting  and  important  as  their 
results  are  in  many  cases,  are  really  capable  of  affording  an  answer 
to  the  question  in  hand,  viz:  what  is  the  influence,  if  any,  pure 
'  and  aimple,  of  increased  aortic  pressure  (i,  e.  of  increased  systolic 
pressure  within  the  left  ventricle)  on  the  pulse  rate.  It  is,  there- 
fore, not  necessary  to  consider  in  detail  the  experiments  of  pre- 
vious writers.  All  are  vitiated  more  or  less  by  secondary  changes 
il 
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which  have  occurred  along  with  the  variations  of  arterial  pressure; 

and  the  nunibor  of  these  possible  complications,  and  their  varvinjr 
degree  in  dillerent  experiments,  affords  a  sufficient  expiauation  of 
the  contradictorv  results  obtained. 

As  regards  the  frog's  heart,  tliore  more  agrct'inciit  1h  iween 
ch*«crvers,  and  the  experinu  ntal  conditions  havQ  usually  been  more 
satisfactory.  Usually  the  auricle  is  supplied  steadily  with  liquid 
of  constant  composition  and  at  constant  pressure  from  a  Marriott's 
flask;  bat  evea  here,  so  far  as  I  know,  the  arterial  cannula  bss 
always  been  inserted  into  the  ventricle  and,  therefore,  beyond  the 
eemiliinar  valves.  As  a  neoeesaiy  consequence  of  tbis^  not  oolj 
systolio  ventariealar  pressure  (whioh  normally  is  the  thing  changeii 
by  varied  arterial  pressure),  but  also  diastolic  intraventrionlar 
pressure  has  been  varied.  I  aooordingly  suggested  to  two  of 
my  pupils  that  they  should  undertake  a  fresh  examination  of  this 
question  by  better  methods,  on  the  hearts  of  frogs  and  chelonia. 
Some  results  of  their  work  will  be  found  on  subsequent  pages  of 
the  present  number  of  thin  Journal. 

The  question  involved  is  clearly  one  of  great  importance.  In 
almost  every  experiment  relating  to  cardiac  physiology  arterial 
pressuio  i.s  altered:  and  it  is  essential  to  know  exactly  the  direct 
intiuence  of  this  factor  on  the  heart,  before  further  couclusionH  can 
be  legitimately  arrived  at.  I  have,  therefore,  lately  carried  out  a 
large  number  of  experiments  as  to  the  direct  influence  of  variations 
of  arterial  pressure  upon  tlie  pulse,  making  use  of  the  dog's  heart 
completely  isolated  physiologically  from  every  other  organ,  but 
the  lungs :  the  method  of  iaolatioo,  whioh  essentially  consists  in 
dosing  the  whole  systemic  circulation  except  that  through  the 
coronary  vessels  of  the  heart  itself,  was  described  by  me  in  the 
last  number  of  this  Journal  (Vol.  11,  No.  1,  p.  119) ;  as  the  ap- 
paratus has  since  been  modified  only  in  some  points  of  detail,  I 
here  reproduce,  as  Plate  XV,  the  figure  used  in  illustrating  the 
previous  paper,  in  order  to  assist  iu  the  description  of  my  more 
recent  experiments. 

The  right  and  left  carotid  arteries,  o  and  r,  have  c;innulas  j*!^*^^^^ 
in  them,  the  right  subclavian,  v\  is  lir;atoml,  and  a  cannula  is 
put  in  tlu'  left  subclavian,  in.  Tiicn  the  aorta  is  ligate<l  imme- 
diately beyond  the  origin  ot  the  left  Huliclavian:  the  vena  cava 
inferior  and  the  azygos  vein  are  tie<l,  and  a  cannula  put  iu  the 
superior  cava.    Fresh  delibrinated  strained  and  warmed  blood  is 
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now  run  in  by  the  superior  cava ;  at  the  same  time  the  cannula  on 
the  right  carotid  is  opened^  and  blood  drawn  from  it  until  there  is 
reaaoo  to  believe  that  all  the  blood  originaHj  in  the  heart  and 
laoga  of  the  aaimal  has  been  washed  out;  the  carotid  is  then 
again  damped,  and  the  superior  oava  a  few  seconds  later^  when 
the  heart  and  lang^  have  been  tolerably  well  filled  with  blood. 
The  animal  is  then  transferred  to  the  warm  moist  ohamber, 
the  cannula  of  the  snperior  cava  is  connected  with  one  of  the  Mar- 
riott's flasks,  27  or  28,  from  which  a  nntrient  liqaid  is  sent  into 
the  heart  under  a  uniform  pressure,  which  in  the  experiments 
described  below  was  that  exerted  by  a  cohimn  of  blood  10  centi- 
metres in  height.  The  left  carotid,  o,  is  coiniected  with  the  ont- 
iiow  tube,  21,  and  the  ainniiiu  in  the  subclavian  with  a  mercurial 
manonii  ter,  2G,  the  pen  of  wliieh  writes  on  the  paper  of  a  kymo- 
grapluou  in  the  usual  inuan(,*r.  Aa  mon  aa  one  Marriott's  fiaf^k  is 
empty  its  connection  with  the  heart  is  shut  off,  and  that  of  the 
other  (which  has  been  meanwhile  closed)  is  freed  by  opening  the 
proper  one  of  the  clamps,  1  or  2,  and  dosing  the  other.  The 
milrient  liquids  employed  in  the  experiments  below  described  were 
(1)  fresh  defibrinated  strained  dog's  blood ;  (2)  the  same  dilnted 
with  an  eqnal  bulk  of  0.5  per  cent,  solution  of  sodium  chloride 
in  distilled  water.  I  may  here  state  that  in  other  cases  I  have 
used  with  success  (3)  defibrinated  dog's  blood  with  one-third  its 
balk  of  0.7  per  cent  sodlam  chloride  solution;  and  (4)  defibri- 
nated cairs  blood. 

Under  these  comlitions  almost  all  of  the  ordinary  collateral 
results  of  increased  or  lowered  arterial  pressure  can  be  elimi- 
nated. By  closing  more  or  lens  completely  tiie  su>p-io<  k,  22, 
arterial  pressure  can  be  raised  :  by  opening;  the  stop-cock  wider 
it  can  ha  (iimini^hed.  Meanwiiiie  rate  of  supply  to  the  right 
aurk^,  the  temperature  of  the  liquid  sent  into  it,  and  the  compo- 
sitioD  of  tins  liquid  are  unvaried;  all  these  disturbing  elements 
are  thus  got  rid  of.  I  have  said  above  that  almost''  ail  secon- 
daiy  el^t3  can  be  eliminated;  the  almoat  is  due  to  the  varied 
coronary  circulation ;  when  aortic  pressure  is  high  this  must  be 
greater  than  when  that  pressure  is  low ;  so  far  I  see  no  method  of 
eltaainating  this  possible  source  of  error ;  hot  in  recent  years  much 
evidence  has  been  accumulated  to  shew  that  if  the  flow  of  blood 
through  an  organ  is  sufficient  to  nourish  it  (i.  e.,  does  not  Mi 
below  the  starvation  -limit),  and  is  nnder  a  lower  pressure  than 
such  as  ruptuirea  the  vessels  or  otherwi^  tuechaniculiy  impedes 


Digitized  by  Google 


21S 


H.  NEWELL  MARTIN. 


the  action  of  the  or^au,  there  is  mn^-li  reason  to  believe  that  varia- 
tions  in  bloovi  -upply  have  no  ininietliate  iullueiice  on  ii-  fnnctioiuil 
activity.  Tlie  experiments  detailed  helow  t^lve  further  support  to 
this  view:  as  will  be  seen,  variations  of  arterial  pressure  rangine? 
between  25  and  150  mm.  of  mercury  have  no  iniiueooe  whatever 
upon  the  iieart's  rhythm,  although  considerably  more  blood  must 
flow  through  the  coronary  system  under  the  higher  than  under  the 
lower  pressure. 

In  the  experiments  described  below  the  heart  was  always  left  in 
the  warm  chamber  at  least  half  an  hour  before  observations  were 
made,  and  longer  if  the  thermometer  did  not  shew  that  the  tem- 
perature was  then  uniform  and  had  been  for  some  five  or  ten 
minutes.  The  animals  during  the  isolation  of  the  heart  were 
sometimes  ])]aeod  ufider  the  influence  of  morpiiia,  sometimes  of 
enrai  i,  atui  .-^uijiLiinies  ol' ehlurulurm  ;  these  various  ai?euts  were 
u.sed  to  eliniiimte  chances  of  error  due  the  po-sibic  toxic  action 
of  any  one  of  them  on  a  rei^ulatory  ineehunism  in  the  heart, 
though  when  fre<«h  nn[HHs<)ned  deiibrinated  blood  is  run  for  hours 
through  the  heart  alter  its  isolation,  there  can  be  little  doul)t 
that  any  poison  absorbed  liy  the  organ  during  the  preliminary  ob- 
servation 18  tlioroughly  washed  out.  The  animals  used  were  small 
dog9,  weighing  from  6  to  7.5  kilos.  Uniform  artificial  respiration 
was  kept  up  by  means  of  a  small  water  engine. 

When  temperature  had  become  constant,  the  connection  between 
a  full  Marriott's  flask  (containing  about  700  a  o.  of  liquid)  and 
the  heart  was  opened.  A  minute  or  two  was  allowed  to  elapse,  to 
get  a  steady  inflow  current;  then  arterial  pressure  was  raised  by 
partially  dosing  the  stop-cock,  22,  or  lowered  by  opening  it  wider. 
Tracings  were  taken  for  from  two  to  six  minutes  with  arterial  pres- 
sures varied  in  this  way  ;  then  the  observation  ceased.  Mean- 
vvliiie  the  other  Marriott's  ilask  was  tilled;  and  after  some  minutes 
another  observation  was  made  while  it  was  cumiected  with  the 
heart;  and  so  on,  so  often  as  sectned  desirable.  In  all  cases  the 
experiment  eaine  to  an  end  long  before  the  lieart  shewed  sijxns  of 
abnormal  or  irregular  action  ;  indeed  in  most  instances  it  was  sub- 
sequently used  for  preliminary  observations  on  the  influence  of 
other  conditions,  as  varied  venous  pressure  or  varied  temperature 
on  tlie  pulse  rate. 

The  results  arrived  at  may  be  summed  up  as  follows: 

1.  Whm  the  presBure  under  which  blood  of  uniform  UmperatwrB 
and  eompontian  is  tAeadily  wpplied  to  the  rigid  auricle  dote  nU 
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exceed  that  due  to  a  isobam  of  blood  ten  eenHmetree  in  heighi,  no 
wtriaiwn  of  arietial pressure  whkh  ean  he  brought  about  by  opening  or 
dosing  more  or  less  eompletely  the  outflow  stop^ck,  has  any  injluenee 
u^ever  on  the  rhythm  of  a  heart  iaoUded  from  all  oiher  organs  of 
the  body  except  the  luutj^i,  provided  artenal  pressure  be  not  kept  at  a 
very  low  level  for  a  eonsiderable  time.  In  oiher  wordSf  wUhm  very 
wide  UmiLiy  changes  in  arterial  pressure  have  no  influenee  wfiatever 
upon  the  pulse  rate, 

2.  Jf  the  ouljiou)  stop-cock  be  xoidely  opened  and  arterial  pressure 
lowered  to  less  than  twenty  millimetres  of  mei'curyy  this  has  no  direct 
injluenee  on  the  pulse  rate;  but  it  has  probably  an  indirect  influenee. 
For  a  minnle  or  more  the  heart  beats  recur  at  the  same  intervals,  bnt 
after  that  time,  if  (he  low  pressure  be  still  maintained^  the  pulse  some- 
iimes  becomes  sloirer,  prcbubly  from  (bjicient  nutrition  oj  die  heart 
dependent  on  inmjjicient  jlorr  throuf/h  (he  coronary  vessels. 

3.  If  the  pressure  at  which  venous  blooff  enters  the  right  an  ride  be 
considerable  {due  lo  a  coluam  of  blood  forty  centimetres  in  height]^ 
and  if  sim  ultaneously  the  arterial  exit  be  r/readi/  narrowed  by  closing 
(he  ouljiow  stop-cocky  then  arteriid  pressnre  at  first  rises  greatly  wHJt- 
out  any  alteration  in  the  pulse  rate;  but  ultimately  attains  a  very 
hi(/h  level  at  which  tlie  cardiac  rltt/liun  becomes  (xtreiaeiy  irregular. 
Beats  occur  which  somewhat  resemble  those  produced  by  feeble  pneu- 
mogastrtc  stimulation.  If  the  arteid(d  resistance  be  now  diminished^ 
markedly  dicrotic  beats  occur  for  some  twenty  or  thirty  seconds,  U7itil 
arterial  pressure  again  falls  to  a  normal  level,  when  the  original 
pulse  rate  is  resumed.  The  conditions  wlfn  l/ie  irregular  beats  are 
observed  are  clearly  pathological:  a  Jilltng  of  the  heart  under  a 
pressure  in  the  vejur  w,f  -  jaal  to  forty  centimetres  of  blood  {twenty- 
nine  millimetres  of  mercury )  probably  never  occurs  normally  com' 
bined  with  great  arterial  resistance. 

In  the  present  article  I  shall  confifip  myself"  to  what  may  be 
call«  (l  normal  variations  of  arterial  pressure,  that  is  to  say,  for 
small  dogs,  variations  between  25  and  160  niillimetrfs  ot' m*  rrnry. 
The  result  under  the  above  hoadin^x  2  is  undoubtedly  alMiomial, 
and  due  to  commencing  <leath  of  tiie  heart ;  and  the  ri  -iiii-  iiidi- 
cate<l  under  number  3  are  probably  due  either  to  the  reception  by 
the  left  ventricle  in  each  diastole  of  more  blood  than,  utider  the 
resistance  opposed  to  it,  it  can  pump  out  in  one  systole,  or  to  a 
direft  stimulation  of  inhibitory  me(!hanisms  in  the  heart  by  the 
pathological  pressure  withiu  the  veutricle.    This  irregular  beat 
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with  very  great  arterial  resistance  has  been  Doted  by  Haideiiham, 
and  I  may  here  state  that  KnolFs  opinion  that  it  really  means 
not  a  slowed  heart  beat,  but  a  quick  irregular  beat  which  the 
manometer  does  not  properly  record,  is  incorrect;  direct  observa- 
tion of  the  exposed  heart  is  conclusive  as  to  the  fact  that  the  beats 
are  not  quiek  aod  irregular,  but  really  slow,  and  frequently  dicrotic 

On  the  results  nambered  2  and  3  above  I  desire  to  make  further 
observations  before  publishing  detailed  conclusions.  Hitliertoso 
soon  as  I  have  observed  indications  of  them  I  have  at  once  raised 
or  lowered  arterial  pressure  so  as  to  prevent  death  or  injuiy  to  the 
heart  As  regards  point  1^  the  three  tables  below  speak  for  them- 
selves. They  are  selected  from  a  dosen  experiments  which  sre 
perfectly  concordant,  and  they  have  been  so  selected  that  a  dif* 
ferent  drug  was  given  to  the  dog  during  the  preliminary  opera- 
tion of  isolating  the  heart  in  each  case.  The  venous  inflow  wt8 
always  so  proportioned  to  tliu  resistance  to  arterial  outflow  that  pres- 
sure in  the  subclavian  during  the  intervalii  between  any  two  obser- 
vations was  kept  at  a  point  from  wliich  arterial  pressure  cunM  In 
considerably  raised  without  the  variation  passing  beyond  a  piiy.-iio- 
logical  limit;  but  at  tlie  same  time,  a  pressure  sufficient  to  keep 
the  heart  in  a  functional  condition  for  a  long  time. 

Venous  pressure  in  all  the  experiments  recorded  below  was  that 
due  to  a  column  of  nutrient  liquid  (defibrinated  dog's  blood,  or 
the  same  diluted  with  an  equal  volume  of  sodium  chloride  solu* 
tion)  ten  centimetres  in  height,  or  very  near  that;  it  is  not  well 
practicable  to  measure  exactly  in  every  experiment  the  difference  in 
level  between  the  cannula  in  the  superior  cava  and  the  lower  end 
of  the  tube  for  the  entry  of  air  into  the  Marriott^s  flask;  but 
errors  of  a  few  millimetres  in  this  regard  are  of  no  importance:  so 
long  as  the  pressure  is  constant  during  an  observation  a  know- 
ledge of  its  absolute  amount  within  5  or  6  millimetres  of  blood 
is  of  no  consequence. 

The  tables  are  constructed  as  follows:  Tt^aiperature  in  the  moist 
warm  chamber  having  become  constant,  the  kymographion  was 
started  and  tracings  taken  for  from  two  to  seven  minutes.  During 
this  time  the  stop-cock,  22,  was  opened  wider,  or  more  closed,  or 
ojycned  and  then  closed,  or  vice  versa,  and  consequently  arterial 
pre»ure  was  altered.  A  number  of  such  observations  having 
been  made  the  tables  were  constructed  from  the  tracings  obtained : 
suppose  the  time  to  be  2  h.,  20',  kO'\  then  arterial  pressure  is 
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measured  at  that  time  and  at  2  b.^  2(y,  20'^..  Half  the  sum  of  these 
Is  taken  as  the  mean  pressure  during  the  ioterveniDg  ten  seconds. 
The  pulse  rate  is  counted  for  this  ten  secondsi  multipHed  by  6>and 
the  product  given  as  the  rate  of  heart  beat  per  minute^  with  the 
mean  arterial  pressure  obtained  as  above.  So  ftr  as  absolute  results 
are  concerned^  it  is  seen  that  the  mean  arterial  pressure  arrived 
at  in  this  way  is  open  to  some  error,  and  had  changes  in  it  been 
accompanied  by  changes  in  the  pulse  rate,  more  accurate  methods 
of  arriving  at  the  true  mean  arterial  pressure  during  each  ten 
seconds  would  have  to  be  employed.  But  as  very  great  variations 
of  mean  arterial  pressure  were  used  and  as  the  experiments  shew 
that  none  of  them,  within  the  limits  described  above  as  phyaio- 
logical,  cause  any  change  in  the  rate  of  the  hearths  beat,  it  is  clearly 
unnecessary  to  resort  to  planimetry  or  other  troublesome  methods 
so  as  to  avoid  pcesible  errors  of  a  few  millimetres  in  the  measure- 
ments. When  gross  variations  of  arterial  pressure  fi»m  30  to  160 
mm.  of  mercury  cause  no  change,  it  is  not  worth  while  to  spend 
time  in  endeavoring  to  exclude  possible  errors  of  ten  or  even 
fifteen  millimetres  of  mercury  pressure;  and  the  possible  limits 
of  error  in  my  measurements  never  reached  the  lees  of  those 
quantities.  When  the  lungs  are  kept  well  extended  and  the  arti* 
ficial  respiration  apparatus  works  with  tolerably  slow  powerfbl 
blasts,  marked  respiratory  waves  are  seen  on  the  tracings  of  arte- 
rial pressure,  unless  this  fiill  to  .50  millimetres  of  mercury  or ' 
thereabouts,  when  they  disap{)ear.  As  these  rhythmic  rises  and 
falls  of  arterial  pressure  render  it  more  difficult  to  correctly  arrive 
at  the  mean  pressure,  I  have  usually  eliminated  them  by  arraiigin^ 
my  water  engine  so  as  to  work  with  rapid  short  strokes  j  then  res- 
piratory variations  of  arterial  pressure  entirely  disappear  from  the 
manometer  tracings. 

In  the  experiments  recorded  below  the  heart  had  been  physio- 
logically isolated  from  all  other  organs  but  the  lungs  for  some 
considerable  time  before  the  recorded  observations  were  made; 
the  muscles  of  the  body  in  general  were  often  alixaily  in  marked 
rigor  before  the  first  observation  was  made  and  always  long  before 
the  last.  When  the  words  "no  record''  appear  in  the  details  of 
an  observation,  some  one  or  more  of  tiie  {)ens  was  not  writing,  so 
that  either  time,  pressure,  or  pulse  rate,  could  not  be  detcrminecl. 
Tiie  tcmperuLuru  given  is  that  of.  the  warm  chetit  in  which  the 
animal  lay. 
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'  EXPEBIMEKT  A« 

October  13,  1881.  Small  dog,  narcotised  with  morphia  durinpr  tho 
operation  of  isolatintr  the  heart.  Nutrient  liquid  1,400  cub.  cent,  of 
defibrinait'd  dog'ii  blood  drawn  from  two  other  animals.  Arterial  pres- 
sure measured  in  left  subclavian.  Heart  isolated  and  animal  put  in 
warm  chamber  at  i  b.  10\  P.  M. 
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OlwemUoa. 

Time. 

Tempentiire  0. 

Arteriftl  Prenure. 

JrulM  Bate* 

IIL 

5  h.  It' 

00" 

118 

150 

II 

10 

119 

150 

41 

20 

102 

150 

H 

80 

80 

150 

«l 

40 

87 

No  record. 

« 

50 

100 

150  (?) 

5  K  18'  00" 

no  Tecorii* 

*i 

10 

1  1  j| 

1 14 

1  HA 

II 

20 

1  1  Q 

1  KCi 

«< 

80 

1  Of^ 
IZD 

sio  reuorcL 

« 

40 

IOC 

101 

«4 

50 

1  1  «) 

JOU 

• 

6  h.  W  00" 

89 

IOU 

IV. 

5  b.  29'  40" 

8to 

80 

150 

•1 

00 

'  81 

158 

5  h.  SO'  00" 

80 

I5r, 

ti 

10 

82 

150 

II 

20 

93 

156 

II 

30 

104 

153 

11 

40 

110 

158 

(1 

50 

118 

156 

5  b.  81' 

00" 

111 

153 

if 

10 

112 

150 

If 

20 

99 

150 

II 

30 

80 

156 

II 

40 

82 

156 

II 

60 

08 

153 

5  b.  82'  00" 

103 

156 

II 

10 

100 

156 

II 

20 

8»5 

156 

H 

30 

"  85 

150 

II 

40 

97 

156 

II 

50 

102 

152 

In  observation  I,  arterial  pressare  varied  between  74  and  149 
millimetres  of  mercury  (101  per  cent.)  and  tbe  pulse  rate  between 
147  and  150  per  minute  (2  per  cent.).  In  observation  II,  arte- 
rial pressure  varied  between  82  and  144  millimetres  of  mercury 
(75.6  per  cent)  and  the  pulse  rate  between  147  and  151  per 
minute  (2  per  cent).  In  observation  Ifl,  arterial  pressure  varied 
between  80  and  126  millimetres  of  mercury  (57.5  per  cent.)  and 
12 
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the  pulse  rate  between  150  and  151  per  miDUte  (0.66  per  cent.). 
In  observatioD  XV,  arterial  pressure  varied  between  80  and  112 
millimetres  of  mercury  (40  per  cent.)  and.  the  pulae  rate  between 
160  and  166  per  minute  (4  per  cent.). 


Experiment  £. 

October  15,  1881.  Small  dog,  cnrarised  during  the  preliminary 
operation.  Nutrient  liquid  1,350  cob.  cent,  of  defibrinated  dog's 
blood  talien  firom  two  other  animals.  Arterial  pressure  measured  in 
left  snbclarian.  Operation  completed  and  animal  placed  in  warm 
chest  at  1  h.  60',  P.  hL 


Observation. 

Tiruo. 

Temperature  in 
degrees  C. 

Arterial  Frenaie 

In  vntn  VMAnmimr 
in  niiii*  v&  invrvttrjF 

PuIm  Bate 

per  iniiiitMs 

I- 

2  h.  IT' 

34.6*=' 

63.5 

120 

a  h.  18'  00" 

78.5 

120 

(1 

10 

116.6 

120 

<( 

80 

Ko  record. 

No  record. 

(< 

30  I 

No  record. 

No  record* 

<{ 

40 

86 

120 

«i 

50 

75 

120 

2  h.  19'  00" 

69 

120 

(1 

10 

66 

180 

i< 

20 

80.5 

122 

<« 

80 

103.6 

122 

i< 

40 

1  U 

121 

II 

50 

121 

120 

.11- 

2  b.  44' 

00" 

850 

58 

117 

<« 

10 

57.6 

117 

II 

20 

84 

117 

II 

30 

117 

123 

M 

40 

136 

114 

(1 

60 

145 

118.5 

S  h.  45'  00" 

104 

114 

<i 

10 

67 

118.6 

<i 

20 

51 

114 

4* 

30 

49 

in 

U 

40 

49 

117 

II 

50 

86  ' 

117 

%  h.  46'  00" 

27 

114 

i« 

10 

35 

117 

II 

20 

28 

117 

N 

80  1 

22 

^  114 
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£xPERUC£NT  B.  Observation  IX. — ConLinued, 


Observation. 

Time. 

Temperature  C. 

1 

Arterial  Pressure. 

Pulse  Bate. 

Tr 

it  u.  «0  4U 

1  1  A 

1  1  U 

Q  li   At*  AA^/ 

111 
lit 

I  u 

OA 

all 

1  1  1 
111 

OK 

1  1  /I 

1 14. D 

(<  OA 
.1 1 1 

i  K 

4n 

1  1  n 

III. 

2  h.  54'  50'' 

35^ 

148 

108 

2  h.  55'  00" 

116 

108 

10 

78 

113 

"  20 

56 

108 

"  30 

43 

109.5 

A  A(\ 

1  AU 

u  i>n 

41 

1  At! 

a  IL  OD  UU 

01 

1  Att 

(<  in 

Kir 

1  rtQ 

i  U?5 

JU 

1  1  >} 

1  la 

1  41 

lol 

111 
ill 

l<  ^A 

14a 

1  1  A 

IT. 

8  h.  40" 

860 

73.6 

99 

"  50 

87.5 

102 

3  h.  28'  00" 

99.5 

100 

"  10 

* 

117.5 

99 

'*  20 

128 

102 

"  80 

140 

108 

"  40 

No  record. 

No  record. 

No  record. 

ft  k   OO''  nA'/ 
o  D.  ^9  UU 

No  record. 

No  record. 

•<       1 A 
lU 

91 

1  AO 

iU^ 

"  OA 

73 

1  A«k 

oU 

so 

4U 

4o 

1  AO 

.Till 

44 

V. 

3  h.  31'  20" 

36° 

63 

98 

"  30 

81 

102 

**  40 

98 

98 

"  50 

110 

99 

3  h.  32'  00" 

119 

100 

«  10 

No  record. 

No  record. 

'«  30 

No  record. 

No  record. 

"  30 

No  record.  ■ 

No  record. 

"  40 

No  record. 

No  record. 

Digitized  by  Google 


SS6  H.  NEWELL  MAMTIN, 


EzpEBiiCBHT  B.  Obsbbyation  Y. — Oontimud, 


Obterrfttion 

Time. 

Temperature  C. 

Arterial  Prearare. 

Pttbe  Bate. 

xr 

w  • 

8  h. 

60" 

IbT 

3  h.  33' 

00" 

lAlt 

1 09 

«« 

10 

1  w 

1  V/  w 

•( 

20 

o% 

<i 

80 

*t 

lift 

ft 

40 

M 

100  & 

<i 

50 

*I9 
i  ^ 

loa 

00" 

109 

u 

10 

102 

•1 

20 

101  fi 

u 

80 

r 

128 

108 

tl 

40 

130 

1  AO 

44 

50 

131 

103 

8  h.  85'  00" 

111 

104 

i* 

10 

80 

108 

M 

SO 

65 

100 

1 

(1 

30 

40 

102 

il 

40 

51 

102 

fl 

50 

56 

102 

MX. 

3  h.  40'  55" 

oyj.o 

1 09 

8  h.  41' 

05" 

1A1 

ft 

15 

Oft 

xu  ■ 

II 

25 

1 09 

1 1/2 

II 

35 

Aft 

109 

II 

45 

stn 

PV 

108 

it 

65 

8  48' 

05" 

1 09 

i< 

15 

1 U  1 

109 

II 

25 

11 

109 

41 

35 

A1 

101 

II 

45 

103 

II 

55 

Oft  K 

IAS 

8  h.  43'  05" 

119 

tl 

15 

1  M 

1 03 

M 

25 

74 
1  * 

108 

It 

86 

56 

101 

II 

45 

45 

100 

II 

55 

38 

102 

3  h.  4i  05" 

25 

102 

«i 

15 

88 

108 

u 

85 

22 

104 

II 

35 

18.5 

102 

41 

45 

11.5 

108 
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In  observation  I  of  the  above  experiment  arterial  pressure 
varied  between  53.5  and  116.5  millimetres  of  mercury  (117  per 
cent.)  and  the  pulse  between  120  and  122  per  minute  (1.6 
per  cent).  In  observation  II,  arterial  pressure  varies  between 
20  and  I4d  millimetres  of  mercaiy  (625  percent)  and  the  pulse 
rate  between  110  and  118.6  per  minute  (nearly  8  per  cent.); 
this  it  will  be  seen  on  oloeer  examination  is  one  of  the  oases 
above  referred  to,  which  lead  to  the  suspicion  that  a  continued 
arterial  pressure  (as  measured  in  the  subclavian)  of  less  than 
30  millimetres  of  mercuiy  is  Insufficient  to  nourish  the  heart 
and  leads  to  a  slowing  of  its  beat.  Arterial  pressure  was  kept 
below  this  limit  for  nearly  one  and  a  half  minutes,  and  the  pulse 
rate  fell  from  117  to  110.  In  observation  III,  arterial  pressure 
varies  between  38  and  148  millimetres  of  inereiirv  (200  per  eetit.) 
and  the  pulse  rate  between  108  ami  112  per  minute  (3.G  per 
cents,).  In  ub.strvation  IV,  arterial  pre^^sure  varies  between  43 
and  140  millimftred  of  fjiereury  (225.5  per  cent.)  and  the  pulse 
rate  between  99  and  lO.i  per  minute  (4  per  eent.).  In  observation 
V,  arterial  pressure  varies  between  40  and  111  millimetres  of 
mercury  (177.5  per  cent.)  and  the  pulse  rate  between  100  and 
104  per  minute  (4  per  cent.).  In  observation  VI,  arterial  pres- 
sure varies  between  17.5  and  114  millimetres  of  mercury  (551. d 
per  cent.)  and  the  pulse  rate  per  minute  between  100  and  104 
(4  per  cent.). 

£xPEBIME2fT  C. 

Oetober  26,  1881.  Small  do^'-,  ana^stheti.s»'d  by  chloroform  during 
the  operation  of  isolating  the  heart.  Nutrient  liquid  800  c.  c.  of  de- 
fibriuated  dog-'.s  blood  mixed  with  800  e.  c.  of  0.5  per  cent,  .solution  of 
pure  sodium  cliloride  in  di.stilled  wnter.  Heart  i.solated  imd  animal 
placed  iu  warm  chest  at  12  h.  50',  P.  M.  When  the  series  of  obser- 
vation.s  detailed  below  was  concluded  tlie  heart  was  still  in  good  coa- 
dition  aod  was  used  for  two  hours  for  other  experimcuts. 


ObMrratfoo. 

Time. 

Temperature  in 
dogroej  U. 

A  rf  rial  Pressure 
ill  mm.  uf  mercury. 

per  uuiaite. 

I. 

1  h.  23'  10'' 

29 

102 

"  20 

SO 

103 

"  80 

80 

102 

«  40 

80 

102 
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ExPssiHENT  C.  Obsebyation  L— CbftlmiMd 


Time. 

Temperatnre  C. 

Arterial  Prow  are. 

PuIm  Bete. 

1. 

1  h.  23'  50" 

88 

108 

A  W 

1  h.  24'  00" 

40 

108 

"  10 

46 

20 

61 

**  30 

59 

lOS 

A  V  A 

"  40 

63 

108 

AW 

50 

66 

101 

A  Vr  A 

I  h.  25'  00" 

46 

102 

"  10 

40 

102 

*'  80 

35 

103  5 

"  30 

48 

102 

1  AO 

lUo 

"  60 

70 

102 

1  h.  26'  00" 

79 

105 

"  10 

80 

104.5 

"  20 

No  record. 

No  record. 

"  30 

40 

105 

"  40 

86 

105 

•*  50 

86 

106 

IL 

1  b.  88'  20" 

87° 

40 

AW 

'*  30 

42 

"  40 

48 

102 

A  V  O 

"  50 

44 

102 

X  V  af 

1  h.  34'  00" 

87 

102 

10 

• 

80 

102 

20 

85 

102 

"  30 

25 

101 

"  40 

28 

101 

•*  60 

29 

101 

A  VA 

1  h.  85'  00'' 

28 

102 

"  10 

27 

108 

"  20 

29 

101 

"  30 

39 

lUO  5 

«  40 

52 

102 

60 

63 

lOS 

A 

1  h.  36'  00" 

T2 

102 

"  10 

66 

102 

20 

32 

102 

"  30 

29 

101.75 

"  40 

41 

101 

50 

68 

102 

1  h.  31'  00" 

68 

102 

"  10 

78 

103 

"  20 

8Y 

103 
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Experiment  C.   Observation  Jl.—CofUinued, 


Ubferrmtion. 

Time. 

Temperaian  C. 

Arterial  Pretiure. 

Fuiae  Bate. 

If 

L  Urn  Oi  uU 

.16 

1  \iO 

**  *  so 

1  A1 
J  til 

1  AO 

1  h  S8'  00^'' 

1  AQ 

1  AQ 

**  to 

M.V 

Bfi 

OO 

Oo 

1  AO 

"  80 

29 

102 

• 

"  40 

25 

101 

"  50 

25 

100,5 

1  b.  39'  00" 

24 

100.5 

"  10 

24 

102 

"  20 

26 

108 

*•  30 

27 

108 

"  40 

2B 

100 

"  50 

28 

100.5 

III 

1  h  f\i^  '-in" 

n^o 

Ol 

£0 

or* 

Qfi 
OO 

(I  4 

Ov 

0*7 

1  h  HH'  AO'' 
1  lit  oo  vv 

QO  K 

99.9 

VO 

"  in 

1  u 

OO 

yo 

an 

"  30 

14.5 

99 

**  40 

12 

95 

"  60 

14.5 

96 

1  h.  59'  00'' 

80 

98 

**  10 

84.5 

96 

'*  20 

29 

96 

"  80 

34 

98 

"  40 

37.5 

99 

"  50 

30 

9fi 

9  h    A9'  1 0'' 
«  O.           i  U 

QT  O 
O  i 

O  1 

1  I.M.J 

*<  90 

\  (H\  ^ 

1  uu.o 

• 

AA 

1  AA  t\ 
1  VV.O 

10 

1  ti9 
lUZ 

87 

102 

8  h.  03'  00'' 

94 

102 

"  10 

89 

103 

• 

"  20 

5G 

105 

"  80 

80 

102 

"  40 

87 

108 

•*  60 

54 

105 

2  h.  04'  00" 

70 

108 

«  10 

81 

104 
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ExPSRDCBNT  C.   Obbebvatior  IV.<— Cbfl^Nllied 


ObMrTmtion. 

Time. 

Artarial  Pi«0nir«» 

FnlM  Bate. 

AT* 

2  h.  04' 

20" 

1U4 

* 

ft 

80 

M 

40 

11 

50 

105 

8  h.  05' 

00" 

81 

lOfi 

4i 

10 

SO 

105 

X  \r  V 

II 

20 

1 0*1 

l( 

30 

X  V/  *t 

40 

85 

<i 

50 

fiO 

108 

2  h.  06' 

00" 

1U5 

•1 

10 

108 

II 

20 

88 

109 

X  V  t7 

II 

30 

81 

110 

Jl  X  V 

u 

40 

48 

108 

tl 

50 

98 

108 

X  V  (J 

2  h.  07'  00" 

97 

108 

u 

10 

48 

107 

U 

80 

ov 

II 

80 

73 

110 

« 

40 

« 

88 

111 

50 

77 

109 

2  h.  08' 

00" 

No  record. 

No  record. 

it 

10 

19 

109 

u 

80 

IS 

109 

u 

80 

19 

109 

V 

V  » 

2  h.  17' 

20" 

87  0 

9 1 

95 

105 

<• 

80 

M 

40 

90 

X  vv 

'  <l 

50 

S3 

105 

8  h.  18' 

00" 

40 

11 

10 

49 

106 

<i 

20 

fiS 

If 

30 

A7 

V  i 

1  UU.iJ 

i« 

40 

88 

11 

50 

88 

lOfi 

a  h.  19' 

00" 

Tl 

106.5 

*t 

10 

78 

106 

u 

80 

78 

^106.5 

It 

80 

76 

108 

tt 

40 

77 

106 

II 

50 

t8 

107 

2  h.  20'  00" 

77 

105 

•1 

10 

53 

105 

4 
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EzPERiUEMT  C.   Observation  V. — OoniinuecL 


UO0«rTAtIOD. 

Time. 

Temperature  C. 

ArtoriAl  Frwiure. 

FniM  Kate. 

V. 

8  h  20' 

20" 

29 

105 

«« 

30 

23 

105 

u 

40 

22 

105 

II 

50 

24 

105 

2  h  2r 

00" 

30 

\  105 

It 

10 

80 

105 

u 

20 

45 

106.5 

tt 

30 

53 

105 

II 

40 

•  61 

106.5 

• 

II 

r,G 

10G.5 

2  b.  22' 

00" 

71 

106.5 

41 

lu 

No  record. 

No  record. 

tt 

20 

Ko  record. 

No  record. 

tt 

30 

76 

106.5 

tt 

40 

69 

]nr,.5 

tt 

50 

46 

106.5 

2  b.  23' 

00'' 

26 

106.5 

II 

10 

22 

106.5 

II 

20 

21 

106,5 

tt 

80 

20 

106.5 

In  observation  I  of  the  above  experiment^  arterial  prensare 
varied  between  26  and  80  millimctFes  of  inercury  (207  per  cent) 
and  the  pulse  between  101  and  105  per  minute  (4  per  cent.).  In 
observaih>u  11  arleiial  pressure  varied  between  21  and  lUu  milli- 
metres of  mercury  (329  per  cent.)  and  the  pulse  rate  Ix  tween  100 
and  105  per  minute  (5  per  cent.).  In  observation  ill,  arterial 
pru:?snre  varied  from  12  to  millimetres  of  mercury  (216.5  per 
cent.)  and  the  pulse  rate  from  94  to  99  per  minute  (5  per  cent.). 
In  observation  IV,  arterial  pressure  varied  between  18  and  106 
millimetres  of  mercury  (SO-i  percent.)  and  the  pulse  rate  between 
100  and  111  |jer  minute  (11  per  cent.).  In  observation  V|arteriaL 
pressare  varied  lyetween  20  and  78  raiUimetres  of  raerearj  (290 
percent.)  and  the  pulse  rate  between  105  and  108  i)er  minate  (lef» 
than  Z  per  cent). 

A  critical  examination  of  the  preceding  tables  will,  I  think, 
shew  conclusively  that  variations  in  arterial  pressure  witliin  the 
limits  indicated  iu  them  have  no  influence  on  the  puke  rate  of  the 
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isolated  dog*s  heart.  In  the  great  majority  of  cases  the  variations 
in  the  j>ul-e  rate  fall  clearly  within  tlie  limits  of  error  of  the 
experiment  i'l-6  per  c-t-nt.),  wliile  arterial  pressure  is  "greatly  variod. 
Eliminating  the  obviously  exceptional  observations  II,  Expt.  E, 
and  ly,  £zpt.  the  average  variation  of  arterial  pressure  in  aa 
observation  was  204  per  oent,  and  the  average  variation  io  the 
pulse  rate  3.3  per  cent. 

That  the  pofifitble  sources  of  error  will  readily  aiscount  for  the 
pulse  changes  in  most  cases  is  clear— when  it  is  remembered 
(1)  that  a  mistake  of  one-sixth  of  a  beat  in  counting  out  the  pulse 
in  any  period  of  ten  seconds  appears  in  the  tables  as  an  error  of 
one  beat  per  minute ;  (2)  that  the  temperature  of  the  air  pumped 
through  the  lungs  and  influencing  the  temperature  of  the  blood 
was  often  unavoidably  altered  during  the  course  of  an  observation 
as  the  doors  of  ray  present  experimeut  room,  which  unfortunately 
is  suiiit  what  of  a  thoruughfare,  were  opened  by  paasers-hy  I'roiu 
titne  to  time.  The  latter  influence  is  of  great  importance,  as 
experiments  whieih  I  hope  siiortly  to  publish,  have  proved  tliat 
the  dog's  heart  is,  so  far  as  its  rhythm  is  concerned,  extremely 
sensitive  to  slight  variations  in  temperature. 

Whatever  the  cause  of  the  sliglit  pulse-rate  changes  observed 
may  be,  it  is  at  least  clear  that  they  are  not  dependent  on  varied 
aortic  pressure^  for  there  is  no  possible  relationship,  direct  or 
inverse,  to  be  delected  between  the  two,  when  the  whole  series  of 
observations  is  examined*  In  most  cases  great  variations  of  arte- 
rial pressure  are  seen  to  occur  without  any  change  in  the  pulse 
rate,  and  then,  a  little  later  in  the  same  observation  perliaps,  the 
pulse  alters  two  or  three  beats  a  minute  without  any  considerable 
simultaneous  change  in  arterial  pressure. 

Il"  the  relationship  between  pulse  rate  and  arterial  pressure  were 
invariable,  even  8.3  per  cent,  of  variation  in  the  pulse  per  minute 
might  clearly  l)e  ^itrnilicant ;  but  as  tliere  is  no  such  constant  rela- 
tionship, and  the  known  sjources  of  error  fully  account  for  such 
pulse-rate  variations  as  were  observed,  they  obviously  mean  nothing 
in  this  connection:  and  we  may  safely  conclude  that  wiUdn  titt 
limits  of  aortic  pressure  indicated  by  pressures  varying  bettrem  26 
and  J40  milUmetres  of  mercury  in  the  subclavian,  no  change  of 
pressure  has  any  direct  action  upon  the  rate  of  beat  of  the  ieolaled 
heart  of  tJte  doy. 
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Before  concluding  it  is  my  dnty  and  plefware  to  acknowledge 
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ments  rendered  to  me  by  Mr.  H.  II.  Donaldson  iiud  Mr.  Mactier 
Wariiild,  \viu>  nut  only  undertook  lIaj  tedious  task  of  getting 
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THE  INFLUENCE  OF  CHANGES  OF  ARTERIAL 
PRESSURE  UPON  THE  PULSE  RATE,  IN  THE 
FBOG  AND  THE  TERRAPIN.  By  WM.  H.  HOWELL, 
A.  B.,  ftud  MACTIEB  WARFIELD,  A.  6.   With  Plate  XYL 

At  the  request  of  Professor  Martin  we  undertook  jBome  experi- 
ments upon  this  sulject,  to  see  if  the  same  results  would  be 
obtained  from  these  animals,  as  were  obtained  with  the  Isolated 
mammalian  heart 

We  used  substantially  the  same  method  as  that  employed  by 
Professor  Martin  in  his  experiments,  described  in  the  preceding 
paper,  keeping  the  venous  pressure  constant  and  varying  only  the 
pressure  in  the  outflow  tube  connected  with  the  aorta,  in  a  way  to 
be  described  presently. 

As  fiir  as  we  have  seen,  no  one  has  hitherto,  in  experiments 
on  these  animals  with  regard  to  the  effects  of  changes  of  blood 
pressure,  varied  the  arterial  pressure  alone. 

Most  of  the  work  on  the  subject  has  been  done  with  variations 
of  diastolic  pressure.  Luciaui  ^  tried  also  the  effects  of  variation 
of  systolic  pressure.  His  method,  however,  did  not  furnish  the 
conditions  which  prevail  in  normal  variations  of  arterial  pressure. 
He  states  that  his  apparatus  was  not  suitable  for  studying  the 
effects  of  such  changes,  and  does  not  give  his  results.  With  regard 
to  diastolic  pressure,  he  says  ''that  neither  the  frequency  nor  the 
absolute  height  of  the  pulse  was  actually  changed,  when  the  pres- 
sure (in  the  frog)  was  raised  from  4  mm.  to  13  mm.  of  mercury." 

Tschiriew'  studied  the  effects  of  variations  of  both  systolic  and 
diastolic  pressure  in  the  heart  of  the  frog.  He  gets  the  same 
result  in  both  cases,  viz:  a  quickening  of  the  pulse  rate  with 
increased  pressure. 

He  does  not  describe  his  method  of  vary  ing  systolic  pressure, 
but  it  is  evident  that  it  was  not  the  effects  of  varied  arterud  pres- 

1  Lucinnt.    Eine  periodische  Fanctioa  des  isollrtea  Frotcbhttsem.  Lud- 

wig's  Arhoiifti.  1872. 

2  lichiriew.   Arch,  t  (Anat.  u,)  Physiol.,  1877. 
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8ure  alone  that  he  got,  since  hie  arterial  cannula  was  tbmst  beyond 
the  seinilanar  valves  into  the  ventricular  cavity  and  hence  the 
increased  aortic  pressnre  must  have  acted  upon  the  ventricle  during 
its  diastole  as  well  as  during  its  systole. 

Ludwig  and  Luchslnger/  in  their  experiments  upon  the  entire 
heart,  appear  to  have  varied  venous  pressure  alone. 

A  cannula  was  put  into  the  vena  cava  inferior,  connected  with 
a  pressure  bottle,  and  the  aortic  arches  cut  through.  Pressure  was 
varied  by  means  of  the  pressure  bottle.  In  this  case  pressure  was 
exerted  upon  the  interior  of  the  heart  during  both  systole  and 
diastole,  differing  from  true  arterial  pressnre,  which  acts  directly 
upon  the  heart  only  during  ventricular  systole. 

They  found  that  increase  of  pressure  caused  an  increase  of  pulse 
rate. 

It  \vu8  the  ubject  of  our  experiments  to  leave  the  entire  heart  in 
position  in  the  body,  cut  otl'  all  external  lu-rvous  iiiiluences,  and 
then,  keeping  up  a  constant  venou.s  preosure  by  means  of  a  Mar- 
riott's fla«k,  to  vary  the  arterial  pressure  alone. 

Our  method  of  operating  with  the  terraj)in,  which  we  have  used 
in  most  cases,  was  to  remove  the  jihistron,  slit  ojK^n  the  peri- 
eanliiim,  hind  the  small  liL^ament  running  iiom  the  ventricle  to  the 
jK'ricardiiun,  the  two  superior  cavie,  the  left  hepatic  vein,  the  pul- 
monary artery,  and  put  cannulas  into  the  right  and  lelt  aorta.^,  (this 
wa«  done  merely  in  ciise  one  should  clot);  one  aorta,  usually  the 
right,  was  connectcfl  with  tht^  manometer  and  outflow  tube  during 
an  ohsicrvation,  while  the  otiier  was  clamped.  Finally  a  cannula  was 
put  into  the  inlerinr  cava  and  connected  with  the  Marriott's  ilasks. 
The  animal's  heart  wjis  washed  free  from  all  eoa!;nlable  blood,  the 
vagi  and  sympathctics  cut,  the  latter  Ixlow  the  middle  cervical 
ganglion,  the  head  cut  off,  and  the  cervical  spinal  cord  destroyed. 
The  heart  was  then  allowed  to  run  from  liaif  an  hour  to  an  hour 
before  any  observations  were  made. 

Essentially  the  same  method  was  used  with  the  frog;  the  arte- 
rial cannula  was  put  into  one  of  the  aortic  arches  before  its  external 
division  into  three  trunks. 

I  TiUthvi?  and  Luchsinger.   Zur  Pbjsiologie  des  Herseoa.  Pfluger's  Arohiv, 

Juuc*,  Ibbi. 
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We,  at  firstj  trierl  to  Iced  the  liearts  witli  salt  solution  0.6  j)er 
cent  ,  I)iit  found  that  the  beat  soon  became  weakened  too  much  to 
give  a  pulse  in  the  manometer.  Delibrinated  calf's  blood,  filtered 
through  lineDy  and  diluted  with  an  equal  bulk  of  0.6  per  cent  salt 
solution  was  then  tried;  it  was  found  to  work  admirably.  We 
have  kept  the  heart  under  experiment  four  or  five  hours,  and  it 
was  just  as  good  at  the  end  of  that  time  as  at  the  beginning ;  it 
was  kept  moist  hy  lying  in  a  small  pool  of  the  blood  poured  into 
the  visceral  cavity  of  the  animal. 
I  Apprehending  some  trouble  in  the  use  of  a  mercury  manometer 
(which  did  not  occur,  however),  we  endeavored  to  make  a  water 
manometer.  We  tried,  at  first,  the  one  mentioned  in  the  June 
numlx^r  of  Ptlii*:er"s  Archiv,  1881,  Ijy  Grueniia^icn,  but  Ibund  that 
it  \v  nuJd  not  d«t  lor  our  purpose,  i-iince  the  parallin  stem  floated  80 
little  above  the  ]«'V(1  ot  the  water,  that  practically  no  variations 
of  pressure  could  be  registered  with  it.  We  then,  with  the  aid  of 
Dr.  8ewall,  devise<l  a  water  mauoinctcr  which  worketl  very  satis- 
factorily.  The  manometer  we  \\>vA  (J/,  PI.  XVI)  is  made  of 
glass  tubintr  having  an  internal  diameter  of  7  or  8  mm.,  tiie  limb 
in  wliich  the  float  works  is  about  40  cm*  long,  the  other  about 
6  cm.  The  whole  of  the  interior  of  the  manometer  is  coated  with 
a  thin  layer  of  paraiSn*  For  a  float,  8,  we  use  a  very  light  glass 
steal,  made  by  drawing  out  a  thin  test  tube ;  this  is  also  coated 
with  a  layer  of  paraffin,  and  has  a  small  bulb,  6,  blown  on  the  end 
which  is  immersed  in  the  water,  A  small  cork  float,/,  well  soaked 
in  paraffin,  with  a  diameter  a  little  less  than  the  internal  diameter 
of  the  manometer,  has  a  hole  bored  through  its  centre,  and  is  then 
slip[K'd  down  the  glass  stem,  so  as  just  to  touch  the  surface  of  the 
water,  when  the  stem  is  allowed  to  lloat  freelv  in  it.  If  the  stt  la 
sinks  too  low  in  the  water,  or  i-^  iiusteady,  one  or  uiore  ot  those 
little  paraflined  cork  floata  ma>'  be  placed  ou  that  part  immersed 
in  the  wat^r. 

The  top  of  the  stem  has  a  light  glass  pen  fastened  to  it  with 
sealing \rax,  and  can  be  made  to  write  upon  a  drum. 

The  manometer  is  provided  with  a  glass  cap,  the  opening 
through  which  the  stem  works  being  well  paraihned. 

The  stem  in  our  manometer  is  alx>nt  38  cm.  long,  and  sinks  in 
the  water  17  cm.,  allowing  us  to  register  variations  of  pressure  of 
about  20  cm.  of  water.  It  is  difficult  to  get  a  stem  longer  than 
this  that  is  not  bent  so  much  as  to  make  it  useless. 
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The  float  follows  veiy  aocuiately  every  motion  of  the  water, 
and  gives  excellent  tracings. 

We  used  besides  this  a  small  mercarj  manometer  having  an 
internal  diameter  of  about  1.75  mm. 

Plate  XVI  represents  the  apparatus  osed  by  us  in  our  experi- 
ments. 

A  and  JB'are  the  Marriott's  flasks,  and  are  used  alternately. 
J?  is  the  heart,  represented  as  separated  from  the  body,  though 
such  was  not  actually  the  case,  a  is  a  piece  of  stiff  rubber  tubing 
leading  from  the  aorta;  at  C there  is  a  three-way  tube,  one  branch 
of  which  passes  to  the  manometer,  while  the  other  (O)  serves  as 
an  outflow  tube  ibr  the  blood  pumped  out  of  the  heart.  By 
raising  or  lowering  this  tube  any  desired  arterial  pressure  can  be 
obtained.  By  means  of  a  screw  clamp  on  0  we  were  also  able  to 
change  arterial  pressure,  to  block  the  outflow  entirely,  or  to  alter 
the  height  of  tiie  pulse  wave.  With  very  low  arterial  pressure, 
for  instance,  it  vras  veiy  often  found  necessary  to  diminish  con- 
siderably the  lumen  of  the  outflow  tube,  in  older  to  get  a  distinct 
pulse  wave  in  the  manometer. 

A  pressure  bottle,  not  represented  in  the  drawing,  was  used  to 
fill  the  manometer  and  its  connections. 

Tracings  were  taken  upon  an  ordinary  revolving  drum,  upon 
which  wrote  also  a  chronograph  pen  marking  seconds. 

In  our  later  experiments  before  isolating  the  heart,  we  took 
the  blood  pressure  of  the  animal  used,  filling  the  cannula  for  this 
purpose  with  0.6  per  cent,  salt  solution,  or  (ietibrinatcd  calf's 
blood.  In  the  terrapin  this  pressure  was  lakeii  in  the  lelt  aorta, 
in  the  frog  iu  one  of  the  aortic  arches. 

As  the  general  result  of  our  experiments,  we  can  state  that 

variation  of  arterial  pre-smrc,  up  to  the  Idylunl  point  of  normal  blood 
pressure,  Jias  no  dirrcl  c^'cd  whatever  upon  the  pulse  rate  oj  the  tso- 
luted  frog  or  terrapin  heart. 

In  the  ttii.ipin  we  could  carry  the  aruiial  pnssure  to  more 
than  twice  the  uurinal  bluotl  prcs;>«ure,  without  atrtcting  the  pulse 
rate.  Kxcessive  pressure,  however,  caused  in  most  cases  a  slie^ht 
slowing  of  thi*  j>ulse,  the  slowing  varying  as  a  rule  fruia  2.5  per 
cent,  to  9  per  cent,  of  the  normal  pulse  rate,  in  sonie  cases  moi*e. 

In  the  frog  art(  rial  pressure  could  not  hv  carried  nnich  above 
the  normal  without  causing  a  slight  blowing  due  to  secondary 
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influenoes:  very  high  aortic  preasure  maj  so  distend  the  aorta  as 
to  make  the  seniilaiiar  valves  insufficient  to  close  it :  or  may  be 
so  great  as  to  prevent  the  ventricle  from  carrying  out  a  proper 
contractbn  and  maintaining  the  circolatioo.  We  are  carrying  ont 
farther  experiments  with  reference  to  these  points;  the  latter  of 
which  is  probably  the  more  important.  With  high  preasnre  little^ 
and  with  the  outflow  tube  completely  blocked,  no  renewal  of  the 
blood  takes  place  in  the  heart,  and  Lociani  found,  that  when  the 
serum  in  an  excised  iVog  s  heart  ia  renewed,  the  pulse  becomes 
more  frequent. 

The  following  tables  give  some  of  the  results  obtained.  As  a 
general  thing  observations  were  made  at  intervals  of  five  minutes, 
of  which  two  were  taken  up  by  the  revolution  of  the  drum ;  the 
pressure  would  then  be  laised  ot  lowered,  as  the  case  might  be,  to 
the  next  desired  hei|2:ht,  and  the  heart  allowed  to  work  at  that 
pressure  for  abont  three  minutes,  before  anotlier  tracing  was  taken. 
The  pressure  and  rate  of  heart  beat  remained  remarkably  constant 
for  any  one  revolution  of  the  diaiu.  Hie  tracings  were  divided 
up  into  sections  of  twenty  seconds  eacli,  aud  the  average  beat  per 
iiiiiiutf!  deduced  from  tliesc. 

Pre.v^ure  was  measured  from  a  base  line  Uikeu  at  the  end  of  the 
observation.  In  the  tables  "venous  pressure"  indicates  the  j)res- 
sure  at  which  blood  was  supplied  from  the  Marriott's  flask  to  the 
vena  cava.  The  temperatures  given  are  those  of  the  room.  The 
blood  supplied  to  tlie  heart,  and  the  aiuiual  experimented  upon, 
were  ahvavs  kept  ia  the  ronm  -.x  considerable  time  before  com' 
raencing  an  e^ipeiiment.  As  will  be  seen,  we  could  not  always 
keep  the  temperature  constant  during  an  experiment;  and  this 
bad  sometimes  a  marked  iuflueuoe  ou  the  rate  of  beat  of  liie  heart. 
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Table  I. 


Time.    P.  M. 

Tempernturc  in 
degrees  C. 

Avcrngo  Pressure 
in  cm.  of  water. 

«->  • 

< 

Noy^niber  30.  TcrrtDin  cora* 

4.30 

315 

13 

35.5 

rixed.   Head  cut  off  al  the 

A  f}<\ 
4.^0 

35 

sooond   or   tliird  cervical 

4.30 

21.5 

12 

35 

vertebra.    Vaci  and  Rvm* 

4.35 

21.5 

31 

35 

Dathetics  CQt.  and  cervical 
sDinal  cord  destroTed.  V6- 

5.45 

24 

13 

39.25 

Hons  nressoTA  ^  S.1  cnn. 

5.50 

84 

81.5 

39 

Wftter  muioiiister  naed. 

5.55 

24 

11.5 

38  5 

6.00 

84 

81.6 

88.6 

6.35 

S3 

12 

37 

6.40 

21.5 

22 

87 

6.46 

38 

83 

37 

6.50 

22 

33 

87 

6.55 

22 

22 

87 

7.00 

22 

12 

87 

7.25 

22 

12 

36 

7.80 

33 

33 

86 

7.85 

33 

83 

86.88 

T.40 

22 

33 

36 

7.45 

22 

22 

36 

7.50 

22 

12 

86 

8.05 

22 

32 

3G.4 

8.80 

33 

83 

86 

8.40 

22 

12 

36 

8.60 

22 

32 

86 
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Table  IL 


December  ].   Terrapin  cura- 
rlzed.   Head  cot  off  at  the 

second  or  third  cervical 
vericbra.  Vag^i  and  sym- 
patbetics  cut,  and  cervical 
spinal  curd  destroyed.  Ve- 
ROQBpre8Bare=4  cm.  Mer- 
cury moDometer  used. 


is 

• 
m 

"'•^  1 

r.. 

i  ft 

"** 

cs  5 

8 

H 

< 

4.05 

23 

8 

36.1 

4.10 

83.5 

16.5 

S5.6 

4  15 

22.5 

30 

35.4 

4.S0 

34 

35.5 

4.45 

23 

a 

36.4 

aio 

.17  5 

4.55 

23 

3 

37.5 

5.00 

23 

34 

37.7 

6  20 

23 

8 

40.8 

6.S5 

83 

18 

40.5 

6.30 

23 

33 

40.5 

6.35 

23 

33 

40.3 

6.40 

j  23 

15 

39.3 

6  45 

23 

1 

39 

7.00 

22.5 

1 

37.8 

29  5 

21 

37  5 

7.10 

22.5 

42 

37.5 

7.15 

22.5 

8 

87 

1.S0 

88.5 

15.5 

Ate  9 

37.5 

7.85 

88.5 

40 

Ate  0 

37.5 

2  o 
a  - 

W    —  ii 

r' 

c  - 

1.55 

 — 

21 

14 

49 

2.00 

21 

34 

49.25 

8.05 

31 

14 

48 

8.10 

81 

33.5 

48 

2.24 

21 

14 

49.25 

2.29 

•11 

24 

48.75 

8.85 

81 

34 

48.5 

2.40 

21 

14 

48.8 

3.50 

81 

34 

48.35 

Table  IIL 


December  S  LaiL-e  Frog. 
Brain  and  Hpluai  cord  de- 
stroyed. Both  water  and 
merenry  manometer  nscd. 

Vpnons  pressure,  during  tiie 
first  pan  of  the  experiment, 
=  3  cm. 
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Table  III. — Continued. 


c 

~  t 

Ph' 

J) 

J,  = 

mm 

c5  • 

2  % 

o  a 

£d  S 

E 

<f  e  o 

• 

■ 

H 

< 

Yeuous  pressure,  mercnry  raa- 

•  

3.55 

21 

2.5 

42 

uometer  used,  =^  1.5  cm. 

4.00 

21 

31.5 

38.5 

In  this  case  it  was  noticed 

4.10 

31 

3.5 

89.5 

that  with  pressure  above  39 

4.15 

81 

88 

89.75 

mm.  of  mercury  the  ventricle 

was  uever  emptiefl,  in<ii<-nt- 

4  30 

20.5 

3.5 

40.25 

iug  a  partial  giving  away  ut 

4.35 

20.5 

10.5 

40.5 

the  semilonar  ▼aires,  or  that 

4.40 

80.5 

19 

40 

the  tension  in  the  aorta  was 

4.45 

20.5 

26 

89.85 

ton  frreat  for  the  ▼entrlde 

4.50 

80.5 

83.5 

87 

to  overcome. 

•  6.00 

20.5 

5 

40.5 

5.05 

80.5 

18 

41.85 

5.10 

80.5 

23 

41.25 

5.15 

20.5 

28.5 

40.5 

5.20 

20.5 

83 

81.16 

Table  IV. 


1  5 

:r 

?  5 

it 

^  m~ 

^  3  «». 

t)  «  ® 

a  V  ^  >% 

t-  I-  r  >- 

?  iS 

«i 

S 

«^  s 

>  a. 

H 

< 

< 

Detninber  10.  Terrapin. 

3.40 

21 

3.5 

31.25 

Blood  pressure  in  loft  aorta 

3.45 

21 

10 

32  85 

before  commeucin;;;  the  ob- 

3.50 

21 

20 

33.18 

servation  =  80  mm.  H^. 

8  55 

81 

87.5 

33.45 

Vagi  and  sympatheties  cut. 

4.00 

81 

88 

82.4 

head  cut  off  and  cervical 

4.05 

21 

43 

31.86 

spinal  cord  destroyed.  Ve- 

4.10 

21 

4:i 

31. 8« 

nous  pressure  ^  2.6  cm. 

4.15 

21 

37.25  . 

32.81 

Mercnry  manometer  used. 

4.80 

81 

38.75 

88.45 

4.25 

21 

27 

34.5 

4.30 

21 

14.5 

33  73 
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Water  manometer  put  on. 
Same  Tenoot  pressure. 


Tlie  rise  in  pnlse  rate  tlmt  took 
place  towarUn  liie  eud  of  this 
series  is  probably  dae  to 
the  rise  of  temperature  in 
the  room.  It  is  clearly  in- 
dependent of  the  pressure 
in  the  aorta. 


In  this  case  an  aortic  pressure 
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before  tlie  observations  com- 
menced (57  to  2o)  was  ob. 
tained  by  coniplelelj  block- 
ing the  outflow  tube — the 
heart  pom  ping  into  the  ma- 
nometer only.  The  heart  was 
kept  in  this  condition  about 
ten  minutes — from  6.03  to 
6.13.  The  very  abnormal 
pressure  slowed  the  heart 
and  the  slowing  effect  re- 
mained some  time  after  the 
hearl  was  relieved. 
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A  vertiice  Pressure 
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per  minute. 
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67 

Our  thank.s  are  due  to  Professor  Martin,  for  advice  and  sug- 
gestions during  the  course  of  the  work,  which  we  think  .shews 
conchisively  that  within  wide  limits  variations  in  aortic  })res.sure 
do  not  in  the  least  influence  the  rate  of  beat  in  the  heart  in  the 
animals  experimented  upon. 
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SOME  NOTES  ON  THE  DEVELOPMENT  OF 
ARBACIA  PUNCTULATA,  Lam.  By  U.  GARMAN 
aod  B.  P.  COLTUN.    With  Plates  XVII  and  XVIII. 

* 

It  was  the  privilege  of  the  writers  to  spend  some  time  last  sea- 
son at  the  marine  laboratory  of  Johns  Hopkins  University  at 
Beaufort,  N.  C,  and  while  there  to  make  some  observations  on 
the  development  of  Arbacia  pundtdaJta  which  seem  of  sufficient 
interest  to  warrant  publication.  The  development,  from  the  first 
changes  after  fertilization  of  the  ova  to  the  formation  of  the  young 
sea-urchin  and  the  resorption  of  the  plnteus,  was  under  constant 
observation.  Materials  were  thus  accumulated  for  a  complete 
history  of  the  development,  as  far  as  external  changes  are  con- 
cerned, but  since  the  earlier  stages  do  not  differ  essentially  from 
those  of  other  Echini,  and  have  been  lairly  well  figured  and 
described  by  Dr.  J.  W.  Fewkes/  we  shall  not  at  present  give 
more  than  a  few  notes  on  ^Amw  of  the  hitur  stages  of  the  platens 
and  on  the  young  seii-urcliins,  thus  sup|)leinenting,  in  some  meas- 
ure, the  work  already  done.  Oar  iliuuks  are  due  to  Dr.  Brooks, 
director  of  the  lai)oratory,  for  taciiities  all'orded  us  iu  pui'suiug 
tlie  work,  and  ior  other  assistance. 

Arbacia  pundulata  appears  to  be  the  commonest  sea-urchin  at 
BejHitbrt.  Great  numbers  ut'  them  were  brougiit  np  in  the  trawl 
liom  tiie  deeper  water  of  Bomie  Southl  opposite  Morehead  City. 
They  were  also  taken  io  some  numbers  ahont  the  piers  of  whai  ve.s 
ut  low  tide.  Sfrongi/locentrotm  dr'ohachicmiH  was  rej>resente(l  by 
frequent  examples  of  the  form  with  white  spines.  Meltita  tctitu- 
diiiuta  was  the  only  other  eciiinoid  at  all  common.   The  handsome 

>  Mem.  Peftb.  Acfld.  of  Science,  Vol.  I,  No.  VI,  1881.  In  this  memoir 
Dr.  Fcwkcs  figured  and  described  most  of  cbraget  in  the  developing  Arbacia 

pluteus,  but  did  not  follow  the  dovelopment  ir>  thr«  nppotirnnre  of  the  yonni;  ■=«•«- 
urchin,  of  wliicli  we  w*>r«!  fortunate  enough  to  reur  u  number  of  >|H'<  iii)i'ii-  niid 
would  doubilfNj  have  obtained  more  could  wu  buvo  stayed  longer  at  BcMufort. 
The  Figure  20  of  Dr.  Fewkes'  plate  is  anlike  Any  Arbecia  pluteus  we  have  seen. 
IjV^hile  our  plutel  varied  within  certain  limits  and  were  sooKitimcs  deformed,  in 
the  mftny  «perimcns  exumiri  1  v.-*- .-nw  none  th:it  htul  more  than  two  pairs  of 
arms  on  the  oral  lobe  where  JL>r.  Jb'ewkes  represents  three. 

Id  247 


Digitized  by  Google 


348 


B.  GASMAN  AND  B,  P.  COLTON.. 


bleached  shell  of  this  sand  dollar  was  a  oommon  object  oo'  the 
shoals.  A  single  example  of  a  fourth  species  was  taken  by  Mr. 
Bice. 

The  esrjjs  of  Arbacia  were  readily  fertilized  artificially.  The 
ovaries  and  teatirh's  with  ri{)e  eonteiits  were  taken  froui  the  living 
animals,  plaml  in  a  watcli-ir'nss  euiuaininn;  <sen-watcr  and  out  into 
bit.s  with  a  pair  of  scissors.  U'lie  wateh-ixlass  was  then  emptied 
into  a  beaker  fnll  of  «ca-water  and  the  contents  of  the  latter 
gently  stirred  with  a  glass  rod.  Here  they  renuiined  until  the 
pluteus  emerged,  an  eveot  which  took  place  about  six  hours  after 
the  fertilization  of  the  ova.  Portions  of  the  water  containing 
plutet  were  then  poured  into  a  nnmbor  of  beakers  of  fresh 
sea-water,  leaving  the  undeveloped  eggs  and  remnants  of  the  ova* 
ries  and  testes  in  the  bottom  of  the  first  vessel*  By  this  means 
the  plutei  were  given  more  room  and  materials  likely  to  render 
the  water  impure  were  got  rid  of.  Afterwards,  as  the  plutei  grew, 
individuals  were  di|>p(d  up  from  time  to  time  with  tubes  and 
transierred  to  separate  glasses.  It  was  found  best  to  filter  the 
water  used,  thus  removing  creatures  likely  to  prey  upon  the  young 
plutei.  The  vessels  were  usually  kept  covered  to  prevent  dust 
and  insects  Ironi  falling  upon  the  water. 

Ova  and  spermatozoa  could  l>e  ol>tained  from  Arbacia  at  any 
time  wiiile  we  were  at  Beaulort  (from  the  middle  of  July  till  the 
latter  part  of  September),  but  after  the  first  of  September  ditliculty 
was  ex{>erienced  in  fertilizing  the  eggs.  Many  lots  were  tried,  but 
in  most  cases  after  one  or  two  divisions  of  the  egg-contents,  the 
development  became  abnormal  and  soon  ceased  altogether*  The 
spawning  period  seemed. to  have  passed,  and  the  reproductive 
organs,  though  still  with  apparently  ripe  contents,  were  much  less 
distended  than  earlier  in  the  season. 

The  development  of  the  egg  takes  place,  nnder  favorable  cir- 
cumstances, with  great  rapidity.  In  one  instance  the  first  segmen- 
tation was  noticed  just  twenty-five  minutes  after  fertilization,  and 
at  times  divi-ioiis  of  the  egjj-contents  took  place  within  fifteen 
miiiiite^  of  each  other.  In  another  lot  the  first  division  was  not 
noted  until  an  hour  and  a  Italf  after  the  cLTirs  were  lertilizetl,  and 
the  j)eriod«  between  divisions  varied  to  a  similar  extent.  The  eiriT' 
trom  which  the  plutei  were  obtained  upon  which  most  of  our  work 
was  done,  were  fertilizetl  on  the  Itith  of  August,  at  9  o'clock, 
A.  M.,  and  at  3.40,  P.  M.,  of  the  same  day  the  first  plutei  had 
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emerged.  The  plutei  obtained  from  these  eggs  were  under  obser- 
vation till  the  22(1  of  September,  at  which  time  a  number  of  young 
sea-urchins  had  emerged. 

In  these  notes  we  follow  the  majority  of  authors  in  calliiic!^  that 
surface  of  tlie  body  on  wliich  the  vent  ojx-ns,  ventnil,  and  the 
opposite  one  dorsal.  The  anterior  part  of  tiie  body  is  that  in 
which  the  mouth  opens.  The  rit^lit  and  left  sides  will  tlien  be 
those  seen  to  riglit  and  lelt  respectively  wlien  the  jtlntcny  lies  with 
tiie  d<)r>al  surface  up  and  the  mouth-lobe  from  the  observer.  This 
explanation  seems  necessary  to  prevent  misapprehension,  as  Dr. 
Fewkes  calls  the  surface  in  wliicii  the  vent  opens,  dors}il. 

The  living  plutei  usually  remained  near  the  surface  of  the 
water,  the  constant Iv  moving  eilia  apparently  servin^:  chiefly  as 
means  of  maintaining^  the  equilibrium.  The  anterior  j>art  of  the 
body  is  almost  invariably  carrietl  uppermost,  as  one  would  expect 
from  the  form  of  tlie  body,  the  lon^r,  slender  arms  j)rojecting 
uj)\vards,  while  the  jiosterior  portion  hein<r  more  c<>nij»act,  tends  to 
sink  lowest.  The  movements  of  the  pcrfwt  Arbacia  pi  ulcus  are 
not  rapid.  It  is  not  built  for  si>eed,  an<i  when  it  moves  Jbrwards, 
does  so  with  tlic  widest  end  foremo.>.t.  lint  while  the  most 
rapid  movement  cannot  be  dlrcted  in  this  way,  the  main  object 
of  movement  is  attained  most  admirably.  The  large  mouth  and 
movable  lip  are  held  in  a  position  to  collect  the  particles  of  food 
brought  into  contact  with  the  broad,  concave  front,  and  the  animal 
thus  travels  as  a  sort  of  self-act in<;  suriiice  net.  The  youn<r»  r  plutei 
move  more  actively,  tliough  less  steadily.  The  ]>eculiar  form  causes 
tliem  to  turn  as  tlicv  move,  fir^t  on  one  tiien  on  the  other  side. 

The  niatured  pluu  u:- is  semi-transparent  an<l  is  marked  with  red 
pigmeul  spots.  Tiiis  piLrnient  is  very  abundant  towards  the  tips 
of  the  arms.  It  is  al>o  disposed  in  spots  alonij  the  calcareous 
rods  of  tlie  arms,  and  occurs  a^  patehe?*  and  dots  on  otlier  j)arts  of 
the  body.  The  oral  lol)e  brar-  two  pairs  of  arms.  The  lonixcr 
jiair  (Fi<;.  1,  2)  arises  from  the  dorsal  surface  at  the  sides  of  the 
Jobe  and  extends  forwards.  The  arnjs  of  the  shorter  pair  (Fig. 
1,  5)  project  o!)lI(juely  downwards  and  forwards  from  the  sides  of 
the  anterior  border  of  the  lip.  Tile  lip  (i*'i^^  1,  />)  is  a  large,  freely 
movable  flap  which  partly  covers  the  mouth  in  front,  and  at  times 
entirely  closes  it.  'I  he  mouth  i  Fig  1,  c)  opens  beneath  the  lip,  is 
very  large,  and  gapes  wide  open.  It  opens  into  a  large  muscular 
ceeophaguii  (Fig,  1,  o),  by  the  peristaltic  coutractious  of  wliich  Ibod 
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ia  carried  to  the  stomach  (Fig.  1,  d),  Previoua  to  the  formatton 
of  the  young  sea-urchin,  the  stomach  occupies  the  greater  part  of 
the  body-cavity.  The  opening  from  the  oesophaofus  into  it  usnally 
remains  closed  while  that  iVom  tlie  stomach  into  the  itiustine 
stands  open.  The  intestine  (Fi<^.  1,  e)  arises  from  the  posterior 
under  part  of  the  -Ioiikh  h,  ext^Muls  ibrward;?,  and  oj>e?)rt  on  the 
ventral  surface  a  short  distance  behind  the  anterior  border  of  what 
may  be  called  the  ventral  lobe.  Two  pairs  of  very  lon<j;  arms 
arise,  one  (Fig.  1,1)  from  the  anterior  lateral  angles  of  the  ventral 
lobe,  the  other  (Fi^^.  1,  4)  from  the  sides  of  the  oral  lobe  about 
opposite  the  first  pair.  Both  pairs  project  forwank,  the  dorsal 
obliquely  upwards  and  the  ventral  obliquely  downwards.  The 
remaining  jmir  of  arms  (Fig.  1, 3)  arises  from  what  is  termed  the 
anal  lobe,  and  the  arms  project  obliquely  outwards  and  slightly 
backwards.  There,  is  a  thickening  of  the  central  portion  of  the 
anterior  border  of  the  ventral  lobe  which  continues  backward  on 
each  side  and  forms  the  margin  of  a  pair  of  ciliated  epaulets'' 
(Fig.  1,  t).  A  similar  pair  of  epaulets  (Fig.  2,^)  occurs  on  the 
dorsal  surface.  They  are  supported  anteriorly  by  prongs  of 
the  skeleton.  The  size  of  the  plutei  and  the  relative  length 
of  the  arms  is  subject  to  considerable  variation.  The  variation 
in  the  arms  does  not  appear  to  be  due  so  mueh  to  resorption  fin 
to  a  symmetrical  development.  The  resorption  of  the  pluteus 
takes  place  chiefly,  as  will  be  seen  later,  within  a  short  space  of 
time  after  the  sea-urchin  is  protruded.  This  asymmetry  may  have 
been  due  to  the  unnatural  conditions  in  which  the  plntei  were 
living,  and  probably  in  nature  little  of  such  variation  occurs. 

Deformities  were  frequent;  one  pluteus  observed  was  club- 
^  shaped,  consisting  of  little  else  than  a  stomach  and  single  arm. 

The  calcareous  skeleton  ))revents  an)-  range  of  movement  of  the 
arms,  but  In  the  later  ^ages  of  development  a  frequent  drawing 
apart  and  closing  of  the  long  lateral  arms  may  be  observed,  and 
in  some  instances  the  posterior  pair  was  seen  to  move  back  and 
forth.  The  union  of  the  rods  of  the  aj nis  of  this  pair  prevents 
independent  movement,  so  that  wlien  one  moves  torwanls  the 
other  moves  to  the  rear.  The  arms  appear  in  the  followini,^  nider: 
First,  the  arms  of  the  ventral  lobe  (Fig.  1,1);  second,  the  ion;:er 
pair  of  arms  at  the  extremity  of  the  ond  lobe  (Fig.  I,  2);  third, 
the  arms  of  the  anal  lobe  (Fig.  1,  3);  fourth,  the  pair  from  the 
sides  of  the  oral  lobe  (Fig.  1,4);  aud  fifth,  and  last,  the  small 
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pair  on  the  anterior  border  of  the  lip  (Fig.  1,  5).  The  arme,  lip, 
and  membranous  folds  are  supplied  with  cilia.  The  separate  parts 
of  the  skeleton  appear  as  minute  spicules.  The  first  spicules  to 
appear  arc  Ibur-rayed.  Tlu'v  develop  iionr  the  ventral  surface  just 
behind  the  anterior  border.  The  lowest  ray  develops  rapidly  and 
pushes  down  into  the  anal  lobe,  where  it  unites  a  little  later  with 
a  oorrespoiKlinir  ray  from  the  spicule  of  the  opposite  side.  The 
luieial  ray  ))u.shes  across  the  body  near  the  ventral  surface  and 
finally  nnites  at  the  middle  line  with  its  fellow  troin  the  opposite 
side.  A  tl)ird  ray  grows  towards  the  dorsal  surface,  and  curving 
iorwardss,  ^rows  into  the  second  jxiir  of  arms  as  they  develop. 
The  fourth  ray  supports  the  long  first  pair  of  arms. 

A  erescent-jihaped  spieule  next  appears  at  the  posterior  end  of 
the  stoniaeh  near  the  points  of  origin  of  the  third  pair  of  arms, 
and  >eiids  a  branch  from  near  its  extremities  into  each  arm.  The 
third  spieules  are  triratiiate  and  appear  with  the  fourth  pair  of 
arms.  One  ray  of  each  spicule  supports  an  arm,  and  the  remain- 
ing rays  project,  one  obliquely  forwards  and  the  other  obliquely 
back  vs;i  i-i  l.s. 

1  11.  I  nly  other  spicule  appears  just  above  the  cosophapjus  in  the 
innMli^  line.  The  two  lateral  rays  curve  outwards  and  forwanis 
and  support  the  fifth  pair  of  arms.  A  small  prong  develops  from 
each  of  these  lateral  rays  for  the  support  of  the  anterior  projection 
of  the  dorsal  fold  (Fig.  2,  k).  The  third  ray  does  not  develop. 
The  transverse  bar  formed  by  tlie  union  of  rays  from  the  f\r^t 
spicules  is-,  later  in  development,  broken  by  the  resorption  of  its 
material  at  the  point  of  union.  The  long  rods  of  the  first  [)air  of 
arms  also  unite  at  an  early  stnge  within  tlie  anal  lohe,  to  he  again 
broken  towards  tlie  close  of  jduteus  life  by  resorption.  Still 
another  eliange  occurs.  The  rods  whieh  su|>|>ort  the  second  pair 
of  arms  originally  form  a  ]iart  of  the  first  spicules,  but  become 
freed  later  l)y  resorj)tion.  The  meaning  of  these  changes  becomes 
clear  when  we  consider  the  sudden  metamorphosis  which  closes  the 
plutens  stage.  During  the  earlier  perio<ls  of  its  cxi«?tence  there  is 
need  of  a  strong  support  for  tlie  f  ragile  body,  but  as  the  last  change 
approaches,  greater  freedom  of  movement  is  called  lor  and  can  be 
secured  only  by  breaking  the  unions  of  the  rods.  The  larger  rods 
of  the  skeleton  are  perforated  by  series  of  oval  or  round  openings 
and  are  usually  more  or  less  spinose.  Figure  3  shows  the  skeleton 
at  a  stage  represented  by  Figure  1. 
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The  rods  are  iiumbcrcd  to  correspond  with  the  arms  they  sup- 
port.   The  proug  ior  the  bupport  of  the  dorsal  ibid  lias  not  yet 

appeared. 

The  young  sea-urchins  were  first  noted  when  the  plutcus  was 
about  two  weeks  old.  At  this  stage  the  larvae  rest  on  the  bottom, 
swimming  but  little.  On  the  left  side  of  the  stomach  the  tube-ieet 
appear  (Fig.  2,  h).  There  are  five  of  thera  in  a  circle  extending 
outwards  from  the  abactinal  disc  which  rests  upon  the  side  of  the 
stomach,  their  free  ends  approaching  each  other  and  forming  a  cone. 
In  a  dorsal  or  ventral  view  usually  only  two  or  three  can  be  seen, 
bnt  towards  the  left  side  the  five  are  shown  presenting  a  radiate 
appearance.  Over  the  apex  of  the  cone,  t.  e.  over  the  approxi* 
mated  free  ends  of  the  tube-feet  Is  the  opening  to  the  exterior. 
Already  the  growth  of  the  young  sea-urchins  presses  on  the  stom- 
ach, llattenitiLT  it,  and  hiter,  pushes  it  towards  the  o[)posite  side  so 
that  it  occupies  the  smaller  pun  of  the  width  of  the  body.  The 
tube-feet  early  show  contractility.  Around  the  circle  of  tube-feet 
is  a  circle  of  fiattish  lobes?,  the  be<iinniiig  of  the  first  tlev(  lf>p<'d 
mar^finai  sj)in('<.  As  the  tuhe-fect  develop,  they  are  from  time  to 
time  protruded  siighj^ly  through  the  opening,  being  thrust  out  fieur- 
ther  and  remaining  out  longer  as  growth  proceeds.  By  the 
turning  of  the  lateral  arms  outwards  and  backwards  the  opening 
is  enlarged  and  the  feet  pushed  out.  At  first  the  feet  only,  later 
the  spines  at  their  basis  appear  outside.  Figures  4  to  7  show 
the  young  sea-urchins  in  various  degrees  of  exertion  as  seen  from 
different  points.  In  the  complete  act  of  everting  the  lateral  arms 
turn  back  passing  astride  the  apical  pair  swinging  outwards  like 
the  ribs  of  an  umbrella  turning  inside  out.  At  the  same  time  the 
oral  lobe  is  drawn  to  one  side.  Then  the  arms  return  to  their 
former  position,  the  feet  are  withdrawn,  the  opening  is  almost  en- 
tirely clo«eH  and  the  appearance  is  again  as  in  Figure  1.  Speci- 
mens were  observed  to  repeat  this  process  about  once  an  hour  for 
Iionrs  in  succession,  remaining  ever!*  1  a  qiiartcr  or  half  an  hour. 
When  e.xtendetl  the  feet  are  moved  al)0ul  and  by  applying  the  discs 
to  the  surface  on  which  the  pluteus  rests,  eflect  a  slight  degree  of 
locomotion;  but  the  movements  are  awkward,  the  long  projecting 
arms  making  the  pluteus  top-heavy.  This  process  is  kept  up  for 
days  and  in  some  en^^es  for  weeks,  the  eversions  becoming  more  and 
more  complete  until  finally  the  everted  state  becomes  the  perma* 
nent  one,  the  three  principal  pairs  of  arms  extending  from  what 
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was  the  apical  end  of  the  body,  and  the  oral  lobe  is  drawn  out  of 
its  original  position  as  in  Figure  7.  Soon  the  rods  pierce  through 
the  ends  of  the  arms  and  the  softer  tissues  of  the  arms  slide  down 
the  rods  and  are  withdrawn  into  the  Ixxi y.  The  bare  rods  are  left 
projecting.  In  endeavoring  to  crawly  the  newly  emerged  sea- 
urchin  frequently  topplea  over  and  some  of  the  rods  are  brolcen  off; 
all  of  them  soon  disappear.  The  oral  lobe  also  soon  disappears. 
The  complete  absorption  of  the  arms  and  oral  lobe  occors  within  a 
very  short  time. 

The  young  sea-urchin  is  semi-transparent  and  marked  with  pig- 
ment spots  similar  to  those  of  the  pluteus.  They  are  especially 
abundant  on  the  peristome.  The  shell  is  strong.  About  the 
margin  of"  the  corona  is  a  series  of  fil'lct'ii  spatulute  spines.  From 
al)ove  the  five  larj^e  tnlK-lcet  niav  be  seen  ijejjiiraling  the  Rpines 
into  .-^ets  of  threes.  On  the  actinai  .surface  about  liw  /nouth  many 
small  tul)e-teet  are  placed.  The  developing  Aristotle's  lantern 
witii  its  muscles  and  ligaments  can  be  made  out.  The  structure  is 
apparantly  the  same  as  in  the  adult.  The  plates  of  the  periprnr  t 
are  now  relatively  very  large.  A  little  later  tlie  five  large  tube- 
feet  are  reduced  in  size,  and  above  them  appear  five  additional 
spines.  They  eventimlly  become  longer  than  the  original  fifteen^ 
are  narrower  and  more  pointed.  The  radicles  are  articulated  to  the 
corona  as  in  the  adult,  and  are  so  attached  as  to  slope  downwards. 
At  first  they  are  serrate  distally,  but  the  serratnres  soon  disappear. 
The  large  tobe-feet  have  a  perforated  calcareous  plate  in  the  disc, 
and  in  the  smaller  f^t  the  forming  plate  appears  as  minute 
spicules.  Large  pedieellariie  soon  appear  on  the  abactinal  sur- 
face, and  the  corona  becomes  studded  with  scattered  tubercles. 
Fiirures  8  and  9  represent  the  young  sea-urchin  soon  alter  tiie 
resnrption  of  the  pluteus. 

'J  lie  yonn^  sea-urchin  aids  its  movements  to  a  considerable 
extent  by  pushing  downward  and  laterally  with  its  flattish  spines, 
thus  early  showing  the  use  of  the  spines  in  loeomotion  which  is 
characteristie  of  the  adult.  The  spines  can  be  lieutdown  at  right 
angles  to  the  plane  of  the  body,  but  can  be  bent  upward  but  very 
little,  owing  to  the  projecting  rim  at  the  base  of  the  spine  al>ove 
the  obliquely  inserted  pedicel.  At  this  stage  the  young  tsea-urchins 
were  frequently  observed  climbing  up  the  sides  of  the  glass  vessels 
in  which  they  were  kept 
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EXPLANATION  OF  THE  FIGU&E& 
PLATE  XYil. 

FlQUBE  1. — Ventral  surface  of  the  Arbacia  plnteus.    a,  maath;  h,  lip; 

c,  (esophagus;  d,  stomach;      intestine;  /,  aous; 
Opening  of  stomach  into  the  inteetine;  A,  first  appear- 
ance of  spines  and  tnbe-feet  of  the  yonng  8ea*nrehin ; 
i,  the  Tentral  epanltfte.   The  arms,  1-8,  are  nombered 
in  the  order  of  their  development 

FitiUBK  2. — Dorsal  view  of  pluleus  at  a  little  Inter  stng-e  of  develop- 
»  ment  than  the  preceding.    Sig^uiticatioii  of  lulters  and 
figures  the  same.  J,  dorsal  epaulets ;     spiue-like  rod 
supporting  the  anterior  part  of  the  epanlets. 

FlQUai  8.— Dorsal  view  of  the  calcareous  skeleton,  1,  rods  snpporiing 
the  first  pair  of  arms;  la,  prong  which  at  an  earlier 
stii^^^e  was  united  with  the  corresjioiulin*;  one  of  the 
opposite  side;  2,  rods  supfjortinij!;  stoond  pair  of  arms 
and  at  one  time  united  wiih  1  ;  '6,  support  of  the  third 
pair  of  arms ;  4,  supports  of  fourth  pair ;  5,  spicule 
supporting  the  fifth  pair  of  arms  and  sending  up 
branches  for  the  dorsal  epaulets. 

FiQU&B  i. — ApiH'iirance  of  the  piuteuH  when  nhnost  ready  to  transform. 

On  the  leftside  (rijrht  in  tlie  figure)  is  seen  tlie  iuvagi- 
nalion  throiifrh  which  part  of  the  tube-feet  and  opines 
of  the  x-a-urchiu  appear.  The  stomach  is  pushed  to 
the  right. 

PLATE  XVIIL 

FiouRi  5. — ^The  plnteos  with  the  tnbe  feet  and  part  of  the  spines  pro- 
truded, as  seen  obli([uely  from  the  front.   The  lateral 

arms  are  turned  partly  hnekwards  and  appear  on  each 
side  of  the  third  pair.  The  oral  lobe  with  the  first  and 
fifth  pairs  of  arms  (1  and  5)  are  drawn  to  one  side. 

Fiouas  6.— Side  view,  showing  the  feet  and  spines  still  more  protruded, 
with  the  lateral  arms  turned  completely  back,  having 
passed  astride  the  third  pair. 

FiauRC  7.— ^Transformation  nearly  complete.  The  platens  undergoing 
resorption.   1^  the  remains  of  the  oral  lobe. 
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Figure  8. — Ventral  view  of  the  yoang  sea^archin,  as  seen  on  the 
tweniy-foarth  day  after  tbe  fertilisation  of  -  the  ova. 
a,  the  fire  large  tube-feet ;  h,  the  flmaller,  hfcter-formed 
tube-feet ;  0,  marginal  spines  of  the  corona. 

FIOOEK  9. — Abactinal  surfuco  of  an  older  individaal,  showing  the  five 
additional  radioics  aud  the  hrst  pedicellariiB. 

Figures  2,  5,  6,  7  and  8  were  drawn  by  Mr.  Colton.  Figures  1,  8, 
4  and  9  by  Mr.  Garman.  With  tl}e .exception  of  JPignres  8  and  9  all 
were  drawn  from  tbe  U?ing  pluteL 
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ON  THE  STBUCTURE  AKD  SIGNIFICANCE  OF 
SOME  ABERRANT  FORMS  OF  t-AMELLI- 

BliANCHIATE  GILLS.  By  K.  MITSUKURI,  Ph.  B., 
of  Tokio,  ./npan,  Fellow  oj  Ihe  Johns  Mopkina  Universily,  Bal- 
timore,   With  Plate  XIX. 

TnK  iol lowing:!;  rontribiitioii  to  the  morphology  ol  t lie  Moliuscan 
braneliiii?  i.s  part  oCiiii  invt'>ti<rnlion  on  which  I  have  for  some  time 
past  been  engaged,  under  tlie  direction  of  Dr.  W.  K.  Brooks,  in 
Professor  Martin's  laboratory  at  the  Johns  Uopkius  University. 
T!i  '  skills,  of  which  the  description  is  here  given,  are  those  of 
Attcu/a  proxima  and  Yoldia  limaiula.  They  are  extremely  inter- 
esting because  of  their  simple  structnrc,  and  this  account  of  their 
minute  structure  is  published  with  the  hope  that  it  might  throw 
some  additional  light  on  the  nature  of  Lamellibranchiate  gills.  I 
wish  to  express  here  my  sincere  thanks  to  Dr«  Brooks  for  his  con- 
stant advice  and  assistance.  I  am  also  deeply  indebted  for 
specimens  used  in  the  investigation  to  Professors  A.  E.  Verrill  and 
S.  J.  Smith;  of  Yale  College,  and  to  Mr.  Richard  Rathbonc,  of  the 
Uuited  States  Fibh  Commission. 


Nucula  proxima,  Say. 

This  Lamellibranoh  shows  many  departures  from  the  structure 
which  is  generally  regarded  as  characteristic  of  the  class.  Figure 
1  gives  a  fair  idea  of  what  is  seen  when  the  left  valve  of  the  shell 
has  been  taken  away,  and  the  mantle  of  the  same  side  removed 
along  the  lower  border  of  the  visceral  mass  near  the  line  xy,  a.  a. 
is  the  anterior  adductor  muscle  made  up  of  several  fasciculi;  p,  a. 
is  the  posterior  adductor.  It  will  be  noticed  that  Nwsula  possesses 
one  of  the  few  shells  in  which  the  nmbo  is  turned  toward  the  pos^ 
terior  end.  In  the  specimen  figured,  the  visceral  mass  {v.  m.)  shows 
convolutions  on  the  surface,  which,  under  the  microscope,  proved 
to  be  the  mnle  n  prod  net  ive  orjjan,  probably  enormously  developed 
for  the  breeding  season,  and  this  character  enables  one  to  distinguish 
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the  sex  of  a  specimen  wiihuut  diificulty.  All  the  iiiak's  have  these 
convolutions,  and,  when  preserved  in  aifolio!,  are  of  a  grevish  color. 
The  females  sIkiw  iiardly  any  convdliitiDii^,  and  are  miuii  more 
darkly  colored.  Tiie  tuot  (/)  is  iblcied  longitudinally  at  its  end, 
and  cjin  accordingly  be  spread  out  into  a  flat  circular  disc.  The 
labial  palpi  (/)  are  unusually  developed,  and  might  at  first  siglit  be 
takeo  ibr  giiia.  The  inside  of  the  outer  aud  the  outside  of  the 
inner  palpus  arc  raised  ioto  nonieroua  parallel  ridges,  which, 
as  shown  in  the  figure,  can  be  seen  from  the  outside,  and  do  not 
extend  to  the  lower  margin.  At  their  posterior  end  there  are  two 
remarkable  struoturea.  One  of  tbem  is  a  hood-like  structure  {L  6., 
Figs.  1  and  2),  which  is  the  posterior  prolongation  of  the  united 
upper  edges  of  the  inner  and  outer  palpi*  The  other  (/.  a.,  Figs.  1 
and  2\  lying  immediately  below  the  first,  is  a  long*  tentacular 
ap[>endage.  It  is  a  hollow  tube,  open,  however,  along  a  line  on  its 
posterior  aspect,  and  having  its  cavity  continuous  with  the  space 
between  the  two  palpi.  As  it  has  been  seen  protiutled,  with  the 
foot  outside  of  the  shell  (Woodward's  "Manual  of  Mol lustra,"  p. 
426),  and  .-inre,  in  alcoholic  specimens,  a  great  deal  of  dirt  and  sand 
is  found  along  its  length  and  between  the  palpi  from  its  base  to  the 
mouth,  it  is  no  doubt  a  food-procuring  organ,  probably  sending  a 
constant  stream  of  nutritive  matters  to  the  mouth  by  means  of  its 
cilia.  It  is  interesting  to  notice  in  connection  with  this  appendage 
that  in  Nueuhf  the  gills,  unlike  those  of  ordinary  Lamellibranchs^ 
must  be  practically  useless  for  obtaining  food,  as  will  be  evident 
from  the  following  description  of  thein. 

The  gill  (ff*,  Figs*  1  and  3)  is  oomparativelj  small.  It  is 
situated  quite  posteriorly,  and  is  suspended  by  a  membrane  (m.. 
Figs.  1  and  3),  which  is  attadied  to  the  body  along  the  broken 
line  xyzw.  It  is  united  to  the  visceral  mass  {v.  m,)  from  x  to  y, 
and  to  the  ui)per  part  of  the  foot  (/,  Fig.  3)  from  y  to  -  (sec 
Figs.  1  aud  3).  At  the  last  point  (having  come  to  the  median 
line  of  the  body)  it  joins  with  its  fellow  of  the  o[)j)usite  side,  aud 
they  continue  in  this  way  as  far  as  w.  Here  they  separate  again, 
each  proceeding  to  the  [>osterior  tip  {  p)  of  the  gill  of  its  own  side. 
It  should  be  remarked  that,  as  the  point  x  is  further  from  the 
median  line  of  the  body  than  the  point  y  (Fig.  3),  there  is  a  con- 
siderable free  space  beneath  the  suspending  membrane  of  tiie  gill. 

When  we  turn  to  the  gill  itself,  wc  find  an  altogether  unusual 
structure.   Figqre  4  abows  it  dissected  out  and  seen  from  below 
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■ad  slighdy  from  one  aide.  In  general  appeaiance  it  resemblea  « 
boat  which  ia  suspended  hy  its  keel,  xc}),  Figure  4  (seen  in  oroflB 
eection  at  ij^  Fig.  5),  is  the  line  of  attachment  and  oorresponds  to 
the  keel;  »dp,  Figure  4  (seen  in  orow-aection  at  d.  Fig.  6),  rep- 
vesents  the  bottom  line  of  the  hollow  of  the  boat.  The  latter  ie 
bounded  by  the  two  surfacea  xapd  and  xh  pd  (Fig.  4 ;  seen  in 
eroaa*aeotion  Btbd  and  a  1  ig.  5).  The  anterior  end  {x,  Fig.  4) 
ia  rather  blnht,  irbile  the  posterior  end  Figs.  1,  3,  and  4) 
ia  quite  pointed.  Tlie  reaemblanoe  of  the  gill  to  a  boat  ia^  howeveri 
only  very  superficial^  as  the  gill  ia  tiot  one  solid  mass,  bot  ta  made 
np  of  a  series  of  poind  plates  of  a  peculiar  ahape,  placed  one  afber 
another  from  the  anterior  to  the  posterior  end,  A  little  diaseotion 
under  a  lena  will  aliow  that  the  part  above  the  line  xdp  (Fig.  4) 
and  below  the  line  of  suspension  {x  c  p\  ia  continuous  aloug  the 
entire  length  of  the  gill,  and  that,  with  this  part  for  the  tUm,  the 
plates  are  given  o(f,  one  after  another,  in  pairs  to  the  two  sides 
(see  Fig.  5).  The  plates  constitute  the  proper  respiratory  parts  of 
the  organ.  They  are  largest  in  the  middle,  and  diminish  in  size 
toward  the  two  extremities. 

It  is  evident  from  this  description  that  the  gill  in  Nucula  is  of 
quite  an  exceptional  nature.  It  clots  not,  as  in  most  Lamelli- 
branchs,  extend  along  the  wliole  length  of  the  side  of  the  body, 
constituting  tlie  most  conspicuous  object  of  the  mantle  cavity,  but 
is  coiupnratively  itisif^nilicaiit,  being  pushed  back  and  freely  sus- 
pended iu  the  mantle  eavitv.  It  cannot,  therefore,  divide  the 
latter  into  the  bu pi  abranchial  and  infrabranchial  chambers,  and  is, 
of  course,  utterly  devoid  of  any  structure  like  the  ciliated  water- 
passages  in  the  ordinary  gill,  for  driving  water  from  the  lower  to 
the  upper,  it  cannot,  also,  as  has  \yeeii  8aid,  serve  us  an  etiiective 
food-procuring  or*j;an.  Tlie  gill  in  J^'ncula  must  for  these  reasons 
be  of  vastly  less  functional  importance  to  the  animal  than  it  is  in 
common  Lamciiibt  unchs,  and,  so  far  as  I  am  able  to  see,  serves 
only  as  the  organ  of  respiration.  It  seems  to  nic,  however,  that 
tiie  division  ol'  the  mantle  cavity  into  the  upper  and  lower  cham- 
bers is  begun  in  the  posterior  part.  It  has  been  seen  that  ventral 
to  the  membrane  sll^j>o^lding  the  gill  (m,  Figs.  1  and  3)  there  is  a 
large  space  continuous  with  the  general  branchial  cavity,  and  there 
certainly  is  a  ypace  dorsal  to  iliis  membrane.  These  spaces  seem 
to  be  the  rudiments  of  the  supra-  and  infrabranchial  chambers. 
MoreovcFi  the  arruugemeut  of  the  difiereot  parts  at  the  posterior 
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end,  as  pcen  in  Figure  3,  recalls  that  of  the  corresponding  parts  in 
many  oi  tliose  genera  In  which  tlie  mantle  cavity  is  divided  into 
two  parts.  It  is  not  dililcnlt  to  conceive  how  the  same  diviaion 
might  be  brought  about  in  the  ease  o(  NmiUa,  by  proper  develop- 
ment of  the  gill  and  the  meiubniDe. 

Figure  5  siiows  a  pair  of  opposed  plates  considerably  enlarged. 
The  solid  p^rt  (idj)  which  I  have  called  the  alem^  and  which  is 
contiimoas  throaghoat  the  whole  length  of  the  gill,  together  with 
the  suspending  membrane  {kij  I)  is  seen  in  cross-section  in  the 
middle^  and  from  this  middle  portion  the  paired  plates  (e*  e.)  are 
seen  to  proceed.  The  colored  part  at  the  bottom  represents  the 
oomplex  cbitlnotts  framework.  The  membrane  {k  ij  I)  is  made  up 
of  fibrous  tissue,  the  bnndles  of  which  this  is  composed  crossing 
each  other  in  many  directions.  Its  free  surfaces  are  covered. with 
columnar  epithelium.  The  stem  consists  mostly  of  a  solid  mass 
of  luige  irregular  cells  with  rather  large  nuclei.  There  are,  I  am 
almost  certain,  (t<;o  blood-channels  excavated  through  it;  a  lower 
larger  (n),  and  an  upper  smaller  (o).  The  latter  seems  to  l>e  in 
connection  with  a  free  space  (q.)  found  often  in  sections  of  the  su;?- 
pending  membrane.  The  large  channel  (n)  sends  a  branch  (r)  into 
each  plate.  The  fibrous  tissue  found  in  the  upper  membrane  dips 
down  into  this  part  at  regular  intervals,  viz:  between  every  branch 
(r)  of  the  lower  blood-channel  (n).  How  these  fibres  end  below, 
"when  tliey  reach  the  chitinous  framework,  I  have  not  been  able  to 
make  out.  A  few  fibres  (u)  are  sent  down  into  the  plate  a  little 
above  the  blood-channel  (r),  and  gradually  ap[)roach  and  finally 
touch  the  latter  near  its  lower  end.  A  few  more  fibres  (j)  are  seen 
along  the  upper  edge  of  the  plate.  Exactly  what  this  fibrous  tissue 
is  I  am  unable  to  make  out,  but  it  seems  to  be  some  sort  of  tough 
connective  tissue,  with  perhaps  muscular  fibres  more  ur  less  inter- 
mixed. That  it  is  very  tough  and  serves  as  a  support  to  the  whole 
structure  is  seen  by  the  fact  that  the  hbres  often  htick  out  beyond 
the  broken  edge  of  the  soli,  tissue.  The  trough  of  the  cliitinons 
framework  is  seen  at  s,  in  cross-seclion.  It  extends  along  the 
whole  length  of  the  gili  and  sends  out  two  branches  into  each 
plate.  I  have  obtaiueil  the  appearances,  in  some  section?,  of  a 
buudle  of  fibrous  tissue  running  in  it  and  filling  it*  The  frame- 
work will  be  described  more  fully  further  on.  The  plates  (e),  the 
proper  respiratory  organs,  are  comparatively  speaking  very  broad 
and  quite  thin,  and  hang  down  from  the  solid  part  of  the  gilK 
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The  opitheliiiin  of  the  plates  which  is  representwl  in  the  figure  as 
ending  abruptly  at  the  edges  i  d  and  /  f/,  turns  at  u  riu;ht  angle  at 
these  lines  to  cover  the  Rlem^  and  is  soon  reilected  outwards  again 
to  form  the  epithelium  of  tiie  next  j)late  in  the  series.  This  is 
evident  from  an  inspection  of  Figure  8.  Each  plate  may  be  said 
to  be  simply  au  enormously  widened  blood -channel  (Fig.  6),  and 
as  the  blood  is  necessarily  spread  out  in  a  thin  layer  over  a  large 
area,  the  jjurposcs  of  aeration  mmi  be  admirably  served.  The 
columnar  epithelial  cells  seen  at  n  d,  Figure  5,  are  very  character- 
istic of  the  plates  under  a  microscope,  and  arc  the  cells  {d  «,  Fig. 
6)  around  the  chiiimuis  l)ars  (A,  Figs.  5  ami  6)  seen  in  optical  sec- 
tion. The  surface  of  the  irregularly  rectangular  cells  placed  just 
inside  these  columnar  cells  in  Figure  5,  ought  therefore  to  be  con- 
tinuous with  the  outer  cdga  of  the  columnar  cells,  but  in  order  to 
avoid  conl'usion  is  not  so  represented  in  the  figure.  This  is  also 
the  case  with  the  cubical  cells  along  the  upper  edge.  The  chiti- 
nous  supj)ort  (h.  Figs.  5  and  G)  of  the  plate  runs  near  the  lower 
edge  (Fig.  5)  to  its  tip  (a  or  6,  Fig.  5),  and  is  made,  up  of  two 
entirely  separate  parts  (seen  in  cross-seation  in  Fig.  6)  api>li'  i 
closely  together.  Owing  to  the  shape  of  these  parts  there  is,  how- 
ever, a  narrow  oval  space  between  them.  This  space,  as  will  bo 
shown  further  on,  is  continuotis  with  the  space  in  the  trough 
(s.  Fig.  5)  of  the  detn.  The  celN  nlong  the  lower  edge  of  the 
])late  are  columnar,  and  surround  tlic  chitinous  support  in  ;i  char- 
acteristic manner  shown  in  Figure  G.  Their  surface  outlines  are 
irregularly  rectangular,  contrasting  with  the  irregularly  polygonal 
ceils  eovcriuL'  the  rest  of  the  plate.  The  branch  (r,  Figs.  5  and  6) 
of  the  lowi  r  i ilood-channei  (n)  in  the  slcm,  is  seen  to  he  circular  in 
cross-seciion  and  to  bulge  out  the  surface  of  the  plate.  These 
points  are  not,  however,  constant,  as  the  vessel  is  sometimes  con- 
stricted into  more  or  less  separate  channels,  while  the  amount  of 
bulging  seems  to  dej)end  on  the  (|uantity  of  blood  present.  The 
remaining  part  of  the  plate  (e,  Figs.  5  and  6)  is  flat  and  quite 
thin,  enclosing  a  broad  blood-channel  between  its  two  epithelial 
surfaces.  It  is  here  no  doidjt  tliat  the  aeration  of  blood  is  accom- 
plished. The  cells  ol'  this  part  are  cubical,  as  seen  in  Figure  6. 
Some  of  them  send  processes  inward  to  join  others  from  the  oppo* 
site  side.  This  gives  a  labyrinthioe  appearance  to  thta  part  of  the 
plate.  The  course  of  the  blood  is  evidently  from  one  blood- 
ohannel  in  the  dem  to  the  other^  through  the  space  in  the  plate. 
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For  instance,  the  blood  mny  start  from  thn  tipper  channel  (o)  in 
the  stem,  go  to  the  broail  fiat  part  (e,  Fig.  o)  of  the  plate  wliere  it 
gets  aerated,  then  enter  the  branch  (r),  along  its  upper  edge,  and 
ran  up  this  to  reach  the  lower  blooci-clmnnel  {y  e)  in  the  stem. 
This  is,  however^  a  purely  hypothetical  course.  I  haVB  bad  no 
means  of  determining  whether  the  blood  goes  from  the  opper  to 
the  lower  channel  or  niee  tfend. 

The  framework  which  supports  the  gill  can  be  separated  oat  bjr 
heating  it  in  dilute  caustic  potash,  as  it  is  insoluble  in  weak  acidB 
and  alkalies.  It  is  stained  by  carmine  and  other  eoloriog  reagents. 
Whether  it  is  really  formed  of  chitin  I  do  not  know,  but  as  pre- 
▼ions  writers  have  described  the  substance  as  of  that  natare  it  will 
be  convenient  to  use  the  term  "chitinous  support"  for  the  present. 
The  framework  consists  ol  a  trough  (seen  in  cross- section  at  s, 
Fig.  5:  longitudinally  from  below  in  Ki<r.  8;  diagramaiically 
represented  in  Fig.  7)  which  runs  along  the  wiiole  ^eneth  of  the 
gill,  and  Irom  which  a  ]>;iir  of  closely-applied  ])araliel  branches 
{fly  Figs.  5,  G,  7  and  8)  is  given  otf  into  each  plate.    The  trough 
is  divided  into  two  unequal  parts:  an  upper  larger  and  a  lower 
smaller,  by  a  cross  piece  (c  p,  Figs.  5  and  7),  which  stretches  from 
one  side  of  it  to  the  other,  a  little  below  the  middle.    This  cross 
pieoe  is  not,  however,  eontinnous^  bat  is  pietoed  through  by  oral 
openings  (o  v,  Figs.  7  and  8)  whenever  branches  are  given  off 
laterally  to  the  plates.   The  space  enelosed  between  each  pair  of 
closely-applied  branches  (see  A,  Figs.  6, 7  and  8)  is  connected  with 
the  lower  compartment  of  the  trough  by  means  of  somewhat 
circular  openings  (o  p,  and  o'  p'.  Figs.  7  and  8)  ionnd  near  the 
bottom.    In  Figure  8  the  letters  a,  a,  a,  are  placed  opposite  each 
pair  of  the  branches  that  go  into  a  plate.    It  will  be  seen  how 
one-luilf  of  the  chitinou.s  support  of  one  plate,  after  lurming  aa 
arcli  at  the  trough,  turns  round  to  enter  the  next  plate  in  succes- 
sion, and  to  constitute  th^rc  (Mie-half  of  the  support  of  that  plate. 
The  framework  treated  with  potash,  and  sometimes  without  any 
treatment,  shows  marked  longitudinal  striation  (Fig.  8),  and  some 
of  its  fibres  sticking  out  at  the  broken  edge  beyond  the  others 
resemble  in  appearance  the  fibres  found  in  the  suspending  roen»- 
brane,  at  t  and  u.  Figure  5,  and  give  reasons  for  thinking  that  the 
whole  chitinous  framework  is  nothing  but  the  fibrous  tissue  finrnd 
in  other  parts  cemented  closely  together  and  forming  ona  cohering 
mass. 
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Although,  ovvinar  to  the  state  of  the  speeinien.s,  I  liuvc  ohlained 
only  here  ami  tliere  evideiiees  of  cilia,  it  seems  reasonalile  to  sup- 
pose tliat  the  whole  gill  is  covered  with  eilia.  On  two  rows  of 
cells  (/./.,  Fig.  6 ;  d.  a.,  Fig.  6)  on  the  lower  e<l«;e  of  the  plate  1 
l>elieve  there  arc  larger  cilia  than  on  the  rest,  as  I  have  now  and 
then  seen  their  remains,  and  as,  w  iLhout  any  question,  cells  in  the 
corre8pouding  po»itioDs  in  Yoldia  have  loog  and  (x>ospicuou8  cilia. 

Yoldia  Umatulaf  Say. 

Yoidia  resembles  Aucuia  in  several  structural  peculiarities — in 
its  well-developed  labial  palpi,  with  their  j)ecnlinr  food -procuring 
appcudage,  in  its  feather-like  L'ills,  in  thf  posterior  position  and 
comparatively  small  si/r  oj  the  gills,  and  the  consr^juctif  al thence 
of  the  division  of  the  mantle  cjivltv  into  tlu-  Mipra-  and  infra- 
branchial  chambers.  It  ditlns  from  x\iicHia  in  having  a  siphon, 
and  further- shows  its  departure  from  the  ordinary  lamellibmrichi- 
ate  structure  in  having  a  highly  specialised  tactile  orgaa  in  the 
siphon.' 

The  gill,  although  dill'i nut  in  details  from  that  of  NmuJa^  is 
essentially  of  the  same  structure  as  the  latter.  It  is  suspended  by 
a  membrane,  as  in  Nucuia.  Fi<^ure  0  sht>ws  it  dissected  out  by 
itself.  The  line  of  suspension  is  x  c  p;  x  dp  is  the  ventral  median 
line,  and  eorrespnnfls  to  x  d  p  \n  Figure  4.  As  in  A'ucuia,  the 
gill  is  made  \ip  of  a  serie<i  of  paired  plates,  placed  one  after  another, 
and  attached  to  the  central  solid  stem  continuous  thro!i'j;hout  the 
whole  len*;th  of  the  gill.  The  |>lates  do  not,  however,  proprt 
downward,  as  we  have  seen  in  the  case  of  Niicula,  but  here  turn 
upwaril  ("^ee  Pig.  II).  The  plates  are  largest  in  the  mid<ile,  and 
gradual !v  become  smaller  toward  the  extremities.  At  tiie  front 
end  (x,  Fig.  9)  there  is  a  rather  interesting  arrangement.  Figure 
10  shows  diagramatically  the  relations  of  the  various  parts  at  the 
anterior  termination  of  the  gill,  it  will  be  seen  that  the  plates  of 
the  gill  gradually  become  smaller  and  finally  die  out  toward  the 
Iront,  and  the  gill  is  continued  simply  as  a  flat  menibraneous  struc- 
ture (x,  Fig.  10),  which  goes  into  the  visceral  mass  (y.  m.,  Figs.  9 
and  10).  A  croasHWCtion  of  this  part  shows  that  at  its  lower  por- 
tion at  least,  there  is  a  biood*channel,  probably  continuoas  with  one 

«  W.  K.  Brooln.   Ftoe.  Amer.  Afl«.  Adv.  8cl.,  1874  (end  of  nute). 
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of  the  channels  in  the  t^tm  of  the  gill.  In  some  specimenB  this 
membrane>like  portion  of  the  branehia  is  longer  th«n  in  others, 
and  goes  some  dtstanoc  around  the  visceral  mass. 

Owing  to  the  rather  poor  state  of  preservation  of  the  alooholio 
specimens,  I  have  not  been  able  to  make  oat  the  histology  of  the 
Yoldia  gill  as  fully  as  I  should  like,  bat  the  following  description 
I  believe  to  be  correct  in  epsential  points: — Figure  11  represents  . 
an  opposed  pair  of  plates,  and  corresponds  to  Fit^ure  5  of  the 
iVtteu/a  branehia.  The  suspending  membrane  {kij  I)  consists  of 
fibres  crossing  each  other  in  several  directions,  and  is  covered  on 
its  two  surfaces  by  columnar  epithelium.  The  solid  stem  (t  dj) 
of  the  gill  has  two  blood-channels,  an  upper  (ti)  and  a  lower  (o). 
The  latter  seems  to  bo  in  communication  with  a  comparatively 
free  space  (q)  in  the  middle  of  the  suspending  membrane.  Directly 
below  the  upper  blood- channel  (o)  there  is  a  bundle  of  tissue, 
which  appears  to  he  libroiis,  running  the  leni^tli  of  the  gill  (seen 
in  cross-section  ai  /,  Fi<j:.  1 1).  It  serves  no  doubt  for  support. 
The  floor  of  the  lower  hlood-eiiannel  (7-)  is  covered  by  a  V-shaped 
bundle  of  longitudinal  libres  i.s).  This  wouUl  seem  to  be  homolo- 
gous with  the  troii!T^h-sha|)e(l  ehitinoiis  structure  ia  yucula,  but 
seems  to  be  foi  incil  of  the  same  fibres  already  reterred  to  several 
times,  which  are  found  in  tlie  sus|)endin<]:  membrane  and  other 
parts  of  the  N ac ula  and  Yoldia  gills,  ni  i  I  <  ;innot  establish  any 
connection  between  this  bundle  and  the  chitin(»us  bars  {h.  Figure 
11)  in  each  plate.  Tiio  latter,  when  they  reach  the  longitudinal 
buiuUe  (.s),  make  a  bend  and  turn  out  again  to  enter  the  next  j)late 
in  the  series.  In  some  sections  I  have  obtained  indications  of  a 
very  thin  layer  of  chitin  beneath  the  fibrous  bundle  (a),  which 
may,  therefore,  corresponil  tu  the  fibres  Ibuml  in  the  trough  of 
the  framework  in  the  Aucula  gill  (sec  above).  If,  however,  this 
Y-shaped  structure  is  really  homologous  with  the  iroiiyh  of  the 
AVcw/a  gill,  it  goes  far  in  support  of  the  view  advanceil  above,  * 
that  the  chitiuous  iratnework  is  really  made  up  of  the  fibrous 
tissue  which  is  found  Tn  otlier  parts,  here  cemented  into  one  com- 
pact mass.  In  suc  h  a  case  fusion  has  gonc^  further  in  Nucvdn  than 
in  Yo(dia^  and  we  see  in  tlie  first  genus  the  trough  well  united 
with  the  branches  (/t)  in  each  plate,  'i'he  plates  (e.  Fig.  11)  in 
Yoldia  spread  themselves  upward  instead  of  downward,  as  in 
Nncula.  The  chitinouM  liars  (A),  of  which  there  are  two  in  each 
plate^  follow  the  curve  ot  the  plate  aud  cud  rather  bluntly  about 
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half-way  up,  at  the  point  a.  TImt  the  part  iVoiu  d  to  a  corres- 
ponds to  the  lower  inner  edge  of  the  Nucula  plate  {d  a,  Fig.  5)  is 
shown  by  the  characteristic  rows  of  columnar  cells  having  longer 
cilia  than  those  foiiiui  in  othor  piirts  of  the  gill.  There  is  another 
sycfeni  of  cliitinous  structure's  (cA,  Fl^r,  11),  Many  fine  chitinous 
tilarnents  come  down  toirether  in  a  bundle  on  each  side  I'rom  the 
suspending  membrane,  and  as  soon  as  each  bundle  reaches  the 
plate  of  its  own  side  filaments  spread  tliem>elves  out  like  the 
frame  of  a  tan  over  tiie  wliole  plate.  Several  fibres  sometinus 
proceed  together,  and  tlien  separating,  give  the  a()|K'aranee  of 
branching.  Tliev  are  Ibund  directly  beneath  the  epithelial  cells 
that  cover  the  plate.  The  effect  of  tliis  framework  must  be  to 
keej)  the  plate  well  spnad  out  for  tlie  purpo-^e  of  aeration.  I 
have  not  succeeded  in  obtaining  any  sin^^le  section  which  shows 
the  structure  of  tlie  plate  well,  but  from  the  comparison  t>f  a  good 
many  sections  which  I  have  made,  I  feel  tolerably  sure  that  the 
whole  space  between  the  epithelial  surlaccs  is  pervaded  bv  what 
Peck  ^  calls  "lacuruir  tis«ije"  (Fi-j.  ^'2).  It  is  a  loose  tr  ih  rular 
tissue  with  many  nucli'i  and  within  wii<ise  network  blood  ci\u  flow. 
The  space  l)etween  the  chitinous  bars  (/i,  Fig,  11),  which  is  quite 
larcp  in  Voidia,  seems  to  be  tolerably  free  from  this  lacunar  tissue. 
);'igure  ll,  a,  gives  the  outline  of  the  plate  seen  from  one  aide. 

Theoretical  QmtideratUms* 

The  gills,  here  described,  of  Nucula  and  Yoldin  arc,  I  think,  the 
most  rudimentary  of  any  that  have  been  studied  so  far.  In  flict, 
at  first  sight,  the  resemblance  to  the  ordinary  Lamellibranch  gill 
is  not  apparent,  and  they  suggest  more  tiie  Cephaiopod  gill.  But 
I  believe,  the  homology  of  their  various  parts  with  tlmse  of  more 
complex  gilU  in  (7nto,  MyUlvaif  Area,  <fcc.,  is  not  difficult  to  make 
out.  After  considting  the  articles  by  Peck  (/oc.  cii,),  Posner,' 
Laisase-Duthien,^  £onneV  &>id  othei^  and  also  after  examining 

1  R.  Holman  Peck.    <*Tbe  Minute  Structura  of  the  GilU  of  the  Luiuelli- 
bmitch  MoUuMia."  Quitr.  JcMirn.  Miera*.  Scl.,  1877. 
'Curl  Posmr.  *<Uober  den  Bau  der  Najadenkieme."  Archiv  fur  mikroa. 

Anat.,  1875. 

3  Henri  df  Lucnzp-Duihif-ra.  "M^moiro  sur  le  Dovcloppemont  dos  Brnncfiie* 
dra  MoUusqucs  Acephules  LameUibrbuches."  Ann.  d.  ijci.  2«al.,  tiur.  IV, 
Toroo  y,  ISM. 

*  Robert  Bonn^  '*  Der  Batt  n.  die  Circuletlons*Verb&ltiiiSM  der  Aoephatcn-^ 
klene."  lEorpbokgiiehee  Jabrbucb,  III,  1879> 
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the  sections  I  myself  have  ohtainetl  of  Vnio,  Modiola^  Saipharcfiy 
&c.,  I  have  no  Houht  whatever  tliat  the  pUttes  in  Nucula  and 
Yoldia  represent  the  descending  or  attached  limb  of  the  hlanieuts 
in  the  ouler  and  inner  gill-plates  in  ibrms  like  Mylilus^  Modiola^ 
and  Arcttf  and  accordingly  are  horaologous  witix  the  A>Ids  on  t^p 
inner  lamella  of  the  outer  gill-plate,  and  on  the  miUr  laneiU  of 
the  inner  gill-plate  in  Vnio,  Anodm,  and  Drmmma,  If  a  -ooid- 
parison  is  made  of  my  Fignre  6  with  any  of  the  cross-seettoos  of 
gill-filaments  given  hy  Peck,  it  will  be  seen' at  onoe  how  simtlariy 
the  paired  cbitinous  bars  are  placed,  how  almost  identloally  the 
epithelial  cells  are  arranged  around  them,  bow  two  rows  of  thoae 
celle  (/./.,  Fig.  6)~called  by  Peek  latero-frontal  epstheliai — have 
longer  cilia  than  the  rest.  In  fact.  Peck's  Fio^ure  12  (a  transverse 
section  of  a  lilaaieiit  of  the  Anodon  <2;iil)  a^^rees  with  my  Fi«^ure  6 
in  all  essential  points.  The  left-hand  tigurc  in  his  Fitrnre  5  (the 
8U|>erficial  view  of  the  eds^c  nf  a  <j;i  11 -filament  of  MyLUnti  ^iin^ins: 
the  lateni-irontal  and  otiier  f^pithelial  eells)  aiui  tiie  upper  })art  of 
his  Figure  20  (the  same  view  of  a  gill-iilament  of  Anodon)  would 
pass  very  well  for  the  corresponding  part  in  Nuouia.  So  far  as  I 
can  make  out  from  rather  poor  specimens,  the  latero-frontal  cells 
in  Nucula  are  strikingly  like  those  represented  in  Peck's  FigDie 
20.  If,  then,  the  plates  in  the  gills  of  A'uou/a  and  Voldia  repn- 
sent  the  gill-filaments  in  other  g^era,  it  follows  from  the  embryo- 
logical  observations  of  Lacaze-Duthiers  {he.  eU,),  and  from  the 
position  of  the  chitinous  bars  in  the  plates,  that  they  are  homolo- 
gous with  the  desoendinff  limb  of  the  gtli-filameotB  in  ordinary 
Lamellibranchs.  Professor  Huxley  seems  to  have  no  doubt  what- 
ever of  the  homology  stated  here,  as  will  appear  from  the  quota- 
tion given  further  on.  Admitting,  then,  that  this  supposition  is 
correct,  and  that  the  gills  in  yurnla  and  Yohlia  are  iu  an  unusually 
rudimentary  condition,  what  li^^dit,  if  any,  do  they  throw  on  the 
orgauof^eny  of  the  Laniellil)ranehiate  gill?  But,  l>efore  proceed- 
ing to  the  discussion  of  this  point,  let  us  review  brieiiy  what 
theories  have  heen  advaiieed  as  to  what  is  the  most  |)rimitive  ty()€ 
of  the  bmnchise  of  this  group.  Setting  aside  older  authors  like 
W^illiams  and  Hancock,  I  consider  the  artiolei,  already  alluded  to, 
by  Peck,  Poenerand  Lacaze-Duthiers  as  having  the  most  impor- 
tant bearing  on  thp  subject.  Posner,  after  a  carefnl  histological 
examination  of  the  gills  of  Anodon,  Unio,  Cardiumy  Mya^  MytUuaf 
Odrea,  Peden,  Piwiaa,  Pinna,  SorobiaUariaf  Solen,  SoUimtuSf  and 
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VnuLH,  puts  forward,  althou^jli  with  hesitation,  the  iln  orv  ilmt  tlie 
pouch-like  gilU  of  the  Uiiiouidtis  are  the  must  primitive  type  of 
the  Lamellibranchiate  gill.  Stepanofl'/  so  far  as  I  can  gather^ 
iodiiies  to  this  view.  Peck^  od  the  other  hand,  alter  an  investi- 
gation of  Arca^  MylUuSy  Anodon,  and  Dreis»ena^  oooice  to  the 
cOQolasion  Uiat  "the  gili-plates  of  the  Union idse  are  a  highly 
modified  form  derived  from  a  simple  oondition  in  which  the  gills 
consist  nU  of  plates  but  of  a  series  of  jaztaposed  indqieadeiit 
JUameniBf  saeh  as  we  see  in  a  less  modified  state  in  Area  and 
Mytilus."  This  view  is  the  more  generally  accepted  of  the  two. 
The  only  complete  lustorjr  of  the  development  of  the  Lamelli- 
bmncfaiate  gill  by  Lacase-Dntbiers  (/be,  eiL)  and  all  the  frag- 
mentary embryolo^ical  observations  on  the  organs  show  that 
the  gills  are  at  tirst  of  a  tt'iiiacular  or  filamentary  character. 
Those  who  read  carefully  Air.  Peck's  paper,  will,  I  think,  feel 
convinced  by  the  arguments  he  brings  i«ir\vard,  So  h\^h  an 
authority  as  Pmfessor  Huxley  is  entirely  of  this  view.  JI<  j^ays: 
"In  its  simplest  lorin,  the  branch ia  of  a  Lameliibranch  consists 
of  a  stem  Iringtd  by  a  double  series  of  hlaments  («.  g.  NuciUa). 
The  next  degree  of  complication  ariws  from  these  filaments 
becoming,  as  it  were,  doubled  upon  themselves  at  the  frte  ends, 
the  refleeted  portions  lying  on  the  outer  side  of  the  outer,  and  on 
the  inner  side  of  the  inner,  series  of  filaments .  <. .  (Mytilus  Pecteo). 
In  most  Lamellibranehs,  the  gills  are  four  elongated  plates,  each 
of  which  is  in  fiict  a  long  narrow  pouch,  with  its  open  end  turned 
toward  the  hemal  face  of  the  body (/aser/eftnalei^  p.  406-9,  Am. 
Ed.)i  My  own  observations  lead  me  to  the  same  ooodtidon.  In 
iact,  it  is  difficult  to  see  how  the  ponch-iike  gills  of  CTnto  can  give 
rise  to  snob  forms  of  braoobiie  as  are  found  in  Nueuia  and  Voldia, 
Jiy  a  very  circuitous  route  they  may  have  degenerated  into  their 
present  rudimentary  state,  it  is  true,  hut  all  recent  observations 
tend  to  show  that  while  other  organs  in  the  Lnuiellibraiichiata 
have  been  steadily  (h'L'**neratinfr,  the  ^ills,  on  the  coatmrv,  have 
Ixeome  highly  deyeiuped  and  |)erforni  functions  which  the  prob- 
able change  of  the  animal  from  the  motile  to  the  sedentary  habits 
ot  life  has  forced  on  these  gills.  If,  then,  there  has  been  no  con- 
siderable degeneration,  and  if  the  homologies  of  different  parts  of 

1  Paul  Stspanttir.  "  0eW  dk  OetohleclitiorgKne  und  die  Sntwicklung  von 
CyclM."  Archiv  f.  Naturg«ach.,  1865. 
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these  bmnchiiB  are,  as  I  have  stated  above,  the  filamentary  char- 
acter of  the  primitive  LamellibraDehiate  gill  is  placed  beyond 
donbt« 

1  believe  fartlier  light  is  thrown  on  the  subject  by  the  gills  of 
Nuctda  and  VMia,  Peck  shows  that  the  gills  primarily  consisted 
of  a  series  of  filaments,  but  does  not  attempt  to  account  for  the 
fact  that  these  filaments  have  come  out  in  long  rows  on^the  side  of 
the  body.  I  venture  to  suggest  an  explanation.  If  wo  reflect  for 
a  moment,  I  think  we  shall  sec  that  the  i;ills  of  ^ueu&z  and  YrUdia 
may  be  considered  m  a  stem  which,  being  folded  on  either  side  to 
increase  the  surface  of  contact  with  the  water,  gives  rise  to  the  fiat 
plates  which  I  have  homologized  with  the  descending  limb  of  the 
gill-filament  of  Myiilus  and  other  like  forms.  The  plates  are, 
strictly  speaking,  nothing  but  the  epithelial  covering  of  the  stem 
raisefl  into  folds  and  enc'iosin*:^  l)et\veeii  the  two  sides  of  the  folds 
a  blood-ehannel.  In  ;he  case  of  Yoldia  mesoblastic  lacunar  tissue 
is  carried  out  into  the  folds.  According:  to  this  theorv,  the  <:ill  of 
the  Laniellibranchiala  was  originally  a  longitudinal  rid^re  on  the 
side  of  the  bo<ly.  Probably  in  this  a  blood-vessel  ran,  and  must 
have  served  as  the  organ  of  re!-j)iration.  In  course  of  time,  how- 
ever, this  ridge  became  loMfd  for  the  increase  of  the  surface  of 
contact  with  the  water  and  thns  jiroduced  papilla  on  its  two 
sides — rndiiiicnts  of  the  future  gill-fiJaments.  The  gills  of  Nncnfa 
and  Yoldia  have  gone  but  little  beyond  this  stage.  1  think  there 
is  much  to  support  this  view,  btepanotf  {loo.  cit.)  observed  in 
Oyclas  that  the  gills  arise  first  as  a  ridge  on  each  side  of  the 
body.  I^eydig'  makes  the  same  statement.  M.  Lov^n's*  observa- 
tions have  a  still  more  important  bearing  on  the  ()oint.  He  says: 
"N  us  uvon.s,  hi  je  ue  me  trompe,  vu  la  })relni^^e  formation  des 
branchies;  nous  en  savons  assez  pour  etre  sfir  (ju'cUes  se  montrent 
sous  la  forme  d  un  cordon  fin,  renfl^  ?k  certains  intervalles;  que  ces 
renflenients  so  contourneut  plus  tard  en  anses,  qui  s'allongent  de 
plus  en  piuSj  et  sur  Icsquelles  se  d^vcloppemeot  les  oils  vibratiles 

• 

'  Fran/,  Iv''V(!iir  "T'cbt  r  C i/rlns  ^omm  "  MuUer'H  Ari  liiv,  1^55.  Hofuvs: 
Di*^  Vf'tztr  Hiiin'tiiiiiloninir  ini  .-uisi-cren  Hnhitus  frfahrt  der  Krnbrvo  durch 

die  Bildung  dor  Kiomen.    Aut-h  sie  wacbsen  tiU  Leuien  von  hiriten  n«ch  vorne 

uiid  jswar  goheti  tie  urtprdngUch  Tom  Mantel  hub"  (p.  02). 

2  Bidra<;  till  Kamedonicn  om  utvccklingen  af  mullusca  acopbRln  Ltmelli'- 
brnnchiutik  "  Mcinoira  of  the  Acadfluij  of  Stockholm,  1848,  iMsAj  reprinted 
in  an  »brid^(;d  form  ia  Germau. 
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reguliferement  disposes  et  (run  forme  particuHftre."  *  "Un  cordon 
fin  renfle  certains  intervalles"  is,  it  seems  to  me,  nothing  but  a 
ridge  with  slight  swellings  or  papillae.  Lov6irs  (igures  are  not 
exactly  clear  to  me,  but  what  he  desimiates  as  the  gills  are  certainly 
ia  tUvor  of  my  view,  lii  all  the  fruijftiieiitary  embryological  ob- 
servations, tlio  jzills  are  i^etieral ly  seen  im  papillae,  or  nothin<r  hut 
tlie  ibltl.s  of"  a  blood-chuniu'l,  I  liave  ulrtaily  called  attention  to 
the  anterior  part  of  the  Yoldia  fjjill  where  the  plates  die  out  and 
the  gill  is  continued  siiii|iiv  as  a  ridge  coniaii  iiig  a  blooti-channel. 
Whether  this  is  a  remnanL  oi  ihe  primitive  rid<;e  or  not  it  is  ditli- 
cult  to  determine,  but  the  fact  that  there  cuji  he  on  the  side  of  the 
boily  a  tliin-walleil  ritige  which,  containing  a  blood-cliannel,  must 
serve  iuore  or  less  for  respiration^  goes  far  in  support  of  the  view 
here  advanced. 

To  review  the  whole  matter,  the  Laniellibrauch  gill  was  perhaps 
originally  a  simple  ridge  on  die  side  of  the  body,  but  to  increase 
the  surface  of  contnet  with  the  water  folds  may  have  arisen  on 
two  sides  of  this  rid^e.  If  sneh  was  the  case,  Nticufa  and  YnMla 
are  slili  in  a  stage  only  very  little  advanced  from  tliis  primitive 
condition.  In  course  of  time,  however,  a.s  .some  of  tiie  Lanielli- 
brrirK-ln'atn.  either  owing  tO  detieneraLion  of  -  )int»  other  cause, 
become  incapabie  of  extensive  locomotion,  tiiese  lnnls  or  folds  were 
perhaps  ))rolonged  to  form  tentneular  fihuuents,  ului'li,  «joing  on 
in  their  development,  finally  produced  such  complete  i;ill  .structures 
as  we  .see  in  Mytilns,  UniOy  Oslnia,  and  other  forms,  taking  on 
at  the  hame  time  fniiriiuns  totally  foreign  to  fh*Mr  original  one. 
Between  the  simple  giiUof  Naciiht  a,nd  most  complex  ones  known, 
there  are  a  great  many  intermediate  stages,  some  g'>ing  more  in 
one  direction,  others  in  another.  For  instance,  J.^cind  and  (Jorbis 
are  said  to  have  only  one  gill-plate  on  each  side  {(Jicen'fi  Inverleb.). 
According  to  bars,  Fecchiola  is  in  the  same  condition  {Remnrkahle 
Forms  of  Animal  Life,  G.  O.  Sars).  ChamoHtrea  and  Jlyochama 
are  described  by  Hancock  {Ann.  and  Matj.  of  Nat.  HiaL,  1852-3) 
as  having  the  inner  gill-plate  complete,  but  the  outer  plate  lacking 
the  outer  lamella.  In  these  tentacular  filaments  seem  t-o  be  fused 
with  each  other.  On  the  other  hand,  although  Arca^  Mytilm^ 
Modiola^  have  all  the  lamellse  presqot,  the  filaments  composing 

I  Trttn»lAt«d  by  M.  Tming  «nd  quoted  by  Ltcnze-Dutbiei*  in  tbe  urticle 
ftlready  referred  to. 
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them  have  not  fused  t\  ith  one  another.  It  is  interesting  to  notice 
that  Nuctiln  and  Yoldia,  in  which  tlie  gills  have  remained  rudi- 
mentary, have,  as  Dr.  Brooks  first  pointed  out  to  me,  an  unusual 
power  of  locomotion,  while  forms  wlioUy  or  almost  wholly  unable 
to  move,  as  Ottreay  Fkolat,  4&c.,  possess  highly*developed  gill?. 

For  some  reason  the  inner  gill-pUte  seems  to  develop  further 
than  the  outer.  For  instance,  in  many  genera,  the  inner  is  much 
larger  than  the  outer.  In  Chamodrea  and  Myochamaf  already 
referred  to>  it  ia  the  inner  gill-plate  that  la  complete^  and  the  outer 
gill-plate  that  lacks  a  lamella.  It  will  also  be  uten  a  little  further 
on  that  in  itnodbn  the  inner  gill-plate  has  gone  farther  than  the 
outer  in  its  development.  In  the  embryological  study  of  the 
branehia  of  M^iUui^  Lacaae-DntliitrB  observed  that  the  filaments 
of  the  inner  gill  budded  out  first. 

It  is  very  instructive  to  see  the  process  of  secondary  folding 
goiu^  ou  in  higher  varieties  of  the  gill.  The  two  lamellse  of  a 
gill-plate  are,  in  such  a  case,  no  longer  parallel,  but  wavy,  and  the 
surl'aee  of  a  lamella  is  thus  considerably  increased.  In  Anodon 
this  j)rocess  is  ])erhaps  going  on,  for  Peck  shows  that  in  that 
genus  tlie  ci-oss-scetiou  of  the  outer  gill-plate  has  parallel  and 
stmigbt  edges,  but  that  the  outer  lamella  of  the  inner  has  a  wavy 
margin.  Posner  shows  successive  staj^es  of  secondary  folding  in 
the  gills  of  Fholas  dactylm^  Venun  (?*p.),  M;''!  rerenaiioi  Otbw 
edul  'iHy  Solen  vayiiM,  Cardium  edaUf  Pinna  nobilis. 

Diametrioally  opposite,  as  the  views  advocated  by  Posner  and 
Peck  may  seemi  it  is  not  difiicult  to  reoonotle  the  two. 

If  we  look  over  the  list  of  the  genera  examined  by  Posner,  we 
shall  find  all  of  them»  exoept  M^Uub  and  perhaps  Ptdttiy  to  pos- 
sess more  complex  gills  than  Unio^  and  starting,  as  he  did,  from 
the  lastt  genus,  it  is  no  wonder  that  he  considered  it  to  possess  the 
primitive  gill.  On  the  other  hand,  Peck  investigated  forms 
simpler  tli:m  Unio,  and  aiijvtd  at  the  probably  true  coneliision. 
Posner  siiiiply  began  where  Peck  ended.  The  two  investigtitors, 
therefore,  supplement  eaeli  other,  and  now,  with  the  addition  of 
the  extremely  simple  gills  ot  Nucula  and  VoldUiy  the  series  is  fairly 
com|>lete,  and  it  seems  to  me  that  the  Hlamentary  character  of  the 
primitive  Lameliibraucli  gill  is  made  tolerably  certain. 
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OBSERTATIOirS  ON  THE  EARLY  DEVELOP- 
MENTAL STAGES  OF  SOME  POLYCHiETOUS 
ANNELIDES.  By  EDMUND  13.  WILSON,  Ph.D.,  Assistant 
in  Biology,  Johns  Hopkinis  University.  With  Plates  XX,  XXI, 
XXII  and  XXIII. 

In  the  course  of  two  PCctsons'  work  :it  the  Chesapeake  Zoological 
Laboratory,  I  made  a  few  o Nervations  on  the  earlier  sta^;es  of  de- 
velopment in  a  >i[ifi)l  number  of  marine  Annelides.  While  these 
observation-^  are  in  many  re«peets  superficial  and  incomplete,  they 
nevertheless  concern  precisely  tlioso  stages  of  develo[)ment  which 
are  least  known  and  iu  regard  to  which  current  ideas  app^r  to  be 
somewhat  erronoons.  I  am  th*  re  tore  led  to  publish  a  brief  account 
of  my  (»b«crvnti  11  ,  it  owly  tor  the  bake  of  utibrdiog  a  basis  for 
niiHc  ihorougii  future  study, 

Altfiough  a  number  of  writers  have  contributed  to  our  knowl- 
edge ot  the  segmentation  of  the  Cf^gs  of  Polychneta,  I  have  seen 
no  satisfactory  account  of  the  early  stafjcs  of  that  process  in  those 
forms  characterized  by  an  unequal  sedimentation.  IVfost  of  the 
statements  in  regard  to  it,  as  pointed  out  in  the  s!  (juel,  appear  to 
be  somewhat  erroneous  and  give  no  lii nt  of  the  close  similarity 
which  exist.s  betwc<  n  the  segmenting  Polyclia'tous  egg  and  those  of 
many  otiier  animals  {cc/.,  some  OligochcFta,  Hirudinea,  Dendrocosla, 
Pulmonatn  Haste ropods).  Furthermore,  the  later  stai^es  of  tlie 
segmentation  are  of  some  interest,  since  the  separation  of  the  germ 
layers  is  the  result  of  a  process  which  appears  to  be,  in  some 
respects,  interm»v1iate  between  an  epiholic  invagination  and  a 
kind  of  irregular  or  progressive  delamination.  In  one  or  two 
Polychaotous  Annelides,  as  we  know  from  Stossich's  and  (liard's 
observations,  the  segmentation  is  nearly  or  quite  ef|Mal,  a  large 
segmentation  civity  appears,  and  a  gastrula  is  formed  by  embolic 
invagination.  In  vastly  the  greater  number  of  cases,  however, 
the  segmentation  is  decidedly  unequal,  and  a  more  or  less  modified 
epibolic  gastrula  results.  The  passage  from  tliis  mode  of  develop- 
ment to  a  modified  form  of  delamination  is  not  hard  to  imagine, 
and  it  appears  to  be  actually  exemplified,  to  some  extent,  id  the 
18  271 
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development  of  OymeMUOf  ArtModUt  and  ChaHioifAmiMj  as  dooribed 
farther  on. 

The  young  stages  of  American  Annelides  are  very  imperfectly 
known.  Mr.  Agassis's  valuable  and  well-known  observations 
stand  almost  alone,  though  there  are  a  few  scattered  notes  by  other 
writers.  My  observations  relate  to  five  genera,  vis :  Clfymene2ta, 
^renteo^  Chxtoptmti^  Bj^ochal/opUnUf  and  Dkpatra,  ChBeUtp^ 
feme  is  confined,  so  far  as  I  know,  to  the  region  soath  of  the 
Chesapeake;  the  others  have  a  much  wider  range.  It  will  be 
convenient  to  describe  these  forms  in  the  above  order, 

Qymcndia  iorquata  (Leidy),  Verrill. 

As  in  many  other  cases  {e.  g,,  TerMh,  FroMtf  Daaychone, 
Spio)  the  eggs  are  inclosed  in  a  semi-fluid  gelatinous  substance 
which  forms  in  this  species  an  ovoid  mass  about  the  size  and 
shape  of' a  pigeon's  egg.  At  one  extremity  the  mass  suddenly 
narrows  to  form  a  pedunoie  which  passes  into  the  month  of  the 
tube  inhabited  by  the  worm.  These  egg-masees  were  found 
at  Beaufort,  N.  C.,  from  May  until  late  in  September,  and  in 
such  abundance  as  to  form  a  very  characteristic  feature  of  the 
heamk  and  shoals.  They  extend  fimm  half-tide  down  to  a  depth 
of  two  or  three  fathoms,  and  are  consequently  exposed  to  the  air 
for  several  hours  each  day ;  the  embryos  appear  to  sustain  this 
exposure  without  injury.  The  egg-mass  contains  several  hundred 
egg^>  which  are  ovoid  bodies  ra^suring,  on  the  average,  about 
.21  mm.  in  length  and  .16  mm.  in  diameter.  The  vitellus, 
which  is  surrounded  by  a  very  distinct  chorion,  is  rendered  very 
opaque  by  the  presence  of  a  large  quantity  of  granular  food-mate- 
rial or  deutoplasm.  For  tins  reason  I  have  not  been  able  to  study 
tlic  behavior  of  the  segmentation  nucki  and  other  internal  phe- 
nomena of  the  segmentation;  my  observations  relate,  therefore, 
almost  solely  to  the  external  changes. 

I  was  unable  to  determine  when  the  e>jCLi^s  are  fertilized,  but 
tliini-:  it  probable  that  this  process  lakes  plaee  before  the  eggs  arc 
laid,  which  ih  certainly  the  ease  with  some  other  Annelides.  No 
direction  cells  are  iormed — .a  any  rate,  none  which  occupy  any 
deiinite  position  with  respect  to  the  vitellus. 

Segmentation  bcpins  with  the  division  of  the  vitellus  into  two 
uoe<^uai  parts  (Fig.      after  which  the  two  spherules  llius  formed 
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bea  iiie  pressed  together  and  a  poriod  of  quiosroiu-f  cnsupp;  this 
conliuiU's  twenty  or  tliirtv  minute.-.,     ilie  ftphvnili.^  then  Od-sume 
a  more  rounded  tbrra  and  are  soon  divided  into  four  parts  (Fi^.  3) 
by  a  furrow  passing  nearly  at  right  angles  to  the  tirst.    This  di- 
vision takes  place  in  such  a  plane  as  to  divide  the  smaller  of  the 
two  priniary  spberales  into  two  equal  parts  (6,    Figs.  4,  5),  while 
the  larger  primary  spherule  is  divided  into  unequal  parts  (a,  d)^  of 
which  the  larger  (a)  is'at  the  leil  side  (the  egg  being  viewed  from 
the  npper  or  mioromere  pole).  The  four  spherules  soon  become 
flattened  and  doeely  pressed  together^  and  a  second  resting-stage 
ensues  (Fig.  6).   After  a  qniesoeooe  of  about  twenty  minutes  the 
spherules  again  swell  up  (Fig.  4)  and  four  smaller  spherules  are 
separated  from  them  by  a  horiiontal  furrow,  passing  in  a  plane  at 
right  angles  to  the  two  preceding  (Figs.  7,  8^  9).   The  four  spher- 
ules thus  formed,  being  smaller,  may  be  called  micromeres,  and 
the  lour  larjjjer  ones  macromercs.    The  microraeres  are  not  always 
produced  at  tlie  same  moment  (Fig.  7),  but  the  difference  in  time 
is  very  bli^^lit.    Tlie  suiKstanee  of  tlie  micronieres  does  not  differ 
in  appoarnnce  from  tliat  of  tlie  niacromeres,  being  still  very  opaque 
from  tli(;  presence  oi"  granular  food-material.     No  diOercnce  in 
in  this  r^pect  between  the  macroineres  and  micromeres  can  be 
seen  until  a  much  later  period,  although  it  is  from  analogy  very 
probable  that  the  micromeres  contain  from  the  first  a  greater  pro- 
portion of  protoplasm.   As  shown  in  Figure  8,  each  micromere 
lies,  at  first,  directly  above  the  macromere  from  which  it  has  sepa- 
lated.   In  a  short  time,  however,  each  micromere  moves  to  one 
side  so  as  to  come  opposite  the  interval  between  two  macromeres, 
the  spherules  become  closely  wedged  together  and  the  egg  passes 
into  a  third  resting-stage  of  about  the  same  duration  with  the  two 
preceding.   This  shifting  of  the  micromeres  is  a  common  occur- 
rence in  the  similar  eggs  of  other  animals  {e.g.,  Clepsine,  Bonellia)*, 
it  appears  to  be  a  result  of  the  rontnal  attraction  of  the  spherules 
since  they  are  thereby  enabled  to  rtt  nioie  closely  together.    It  is 
worth  noting  that  one  of  the  micromeres  is  invariably  a  little 
lari^er  than  the  others  ;  this  is  the  one  derived  from  the  spherule 
marked  d  in  Figure  4  —  liiat  is,  the  smaller  of  tlie  two  uiiequal 
spherules  rebuking  from  the  division  of  the  primary  larger  spiier- 
ole  (see  Fig.  2). 

After  the  formation  of  tlie  first  four  micromeres  we  are  enabled 
to  determine  the  relation  of  the  parts  of  the  embryo  to  those  of 
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the  adalt  worm.  The  micromeres  occupy  the  donal  stde^  the 
maoromeres  the  TeDtral;  and  the  laigust  maoromere  marks  the 
posterior  end.  The  mouth  is  formed,  long  afterwards,  at  a  ptunt 
nearly  opposite  to  the  micromeres. 

The  following  figures  are  for  the  sake  of  convenient  comparison 
placed  with  the  posterior  end  below.  With  the  close  of  the  third 
resting-stage  the  se*xnientatiou  loses  its  regular  rhythmical  char- 
acter, and  the  spherules  henceforth  multiply  independently  of  each 
other,  unciergoing  in  their  development,  though  less  consjjicuously, 
alternations  of  activity  and  qiiieseence  like  those  which  ha%'e  hitherto 
been  p;is-f'd  through  by  the  entire  egj2f.  Thus  it  comes  about 
that  while  one  part  oi  the  embryo  is  showing  signs  of  rapid  change, 
another  part  may  be  almost  stationary. 

After  the  third  restiinj-«tage  rern w  r  1  activity  is  begun  with  the 
division  of  ihv  ini(  roinric-.  Figures  12  to  17  represent  the  pro- 
gresjiive  changes  oi  an  egg.  The  lower  or  posterior  niieromere 
was  first  to  divide  (Fig.  13) ;  this  wm  followed,  two  minutes  later, 
by  the  riLdit-hand  mieromere  (Fig.  14)  and,  after  another  minute, 
by  th(  k  l  i-iiand  mieromere  (Fig.  15).  The  upper  mieromere  did 
not  divide,  apparently,  until  considerably  later.  Five  minutes 
after  the  division  of  the  last  mieromere  the  left-hand  maeromere 
was  divided  (Fig.  16)  into  an  upper  smaller  part,  in  all  respects 
like  the  micromeres,  and  a  larger  part  lying  below  and  at  the  aide 
of  the  egg  (c/.,  Fig.  18).  Soon  afterwards  the  large  posterior 
spherule  clivided,  a  smaller  spherule  aepaniting  from  its  left  side. 
The  latter  soon  divided  again  into  a  smaller  upper  part  (a,  Fig. 
17)  and  a  larger  lower  part  (6). 

Examining  the  opposite  side  of  an  embryo  at  this  stage,  we  find 
(Fig.  18)  five  or  six  spherules  cooaiderably  larger  than  those  oa 
the  other  side.  The  spherule  ab  appears  to  have  separated  from 
the  large  posterior  maeromere  and  to  have  produced  the  spherule  a 
of  the  preceding  figure.  (For  a  detailed  study  of  the  changes  of 
the  lower  pole  tlie  reader  is  referred  to  the  aooount  of  the  develofH 
ment  of  Areniealaf  p.  279). 

Figure  19  represents  the  upper  side  of  an  embryo  thirty  minutes 
later.  The  micromeres  now  form  a  layer  of  somewhat  uni^rm 
oells  over  the  top  of  the  embryo*  If  the  egg  is  examined  from 
the  lower  pole  the  macromeres  are  found  to  have  multiplied  alao^ 
though  they  are  still  considerably  laiger  than  the  micromeres. 
But  at  the  sides  of  the  embryo  are  spherules  of  intermediate  siae^ 
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and  no  dividing  line  between  maeroraeres  and  micromeres  can  be 
drawn.  Tlie  only  point  where  a  iletliiiie  limit  to  the  layer  of 
micromeres  can  be  a^jsigned  is  at  the  posterior  end  wliere  they 
adjoin  the  large  posterior  macromere.  The  latter  may  sometimes 
be  observed  in  the  process  of  division  (Fig.  20)  and  it  appears  to 
bud  off  smaller  spherales  wbich  become  iocorpomtcd  into  the 
layer  of  peripheral  cells. 

Figure  21  is  a  somewhat  oblique  side-view  of  an  erjibryo  ninety 
minutes  later.  To  the  left  are  cells  resultiucr  from  the  division  of 
the  micromeres,  and  these  apj)ear  to  graduate  into  llie  larger  cells 
to  the  right,  which  are  derivatives  of  the  macromeres. 

Figures  22  and  23  rei)refe<'iit  ventral  and  dorsal  views  of  an 
embryo  of  a  somewhat  later  stnL-;*'.  As  hffore,  the  micromeres  are 
distinctly  smaller  than  the  macromeres,  l.uu  the  two  kinds  of  cells 
graduate  into  each  other  at  the  sides  of  tiie  embryo.  The  pos- 
terior macromere  is  still  very  large ;  dorsal ly  it  appears  to  be 
overlaid^  to  some  extent|  by  the  micromeres. 

At  about  this  stao^e,  or  sometimes  a  little  earlier  (Fig.  24),  the 
large  macromere  divides  into  two  (Figs.  25,  26).  A  side-view  at 
about  this  stage  (Fig.  27)  shows,  as  before,  the  mioromeres  passing 
gradually  into  the  macromeres,  some  of  the  latter  near  the  pos- 
terior end  being  in  the  course  of  active  multiplication.  From 
this  time  the  multiplication  of  the  macromeres  (if  they  can  still 
be  so  called)  appears  to  be  somewhat  accelerated,  so  that  the 
peripheral  (i.  e.,  eotodermio)  cells  become  more  nearly  of  equal 
siae.  The  two  larg^  macromeres  are  gradually  lost  to  view,  being 
in  part,  aa  I  believe,  overgrown  by  the  ectoderm  and  in  part  used 
up  to  supply  smaller  peripheral  cells.  Cells  may  often  be  observed 
in  active  division  at  this  part  of  the  embiyo  while  the  other  cells 
of  the  ectoderm  are  quiescent. 

At  about  this  period  (14  hours,  Fig.  29)  the  anterior  part  of  the 
embryo  becomes  less  opaque,  and  in  some  specimens  the  large 
polygonal  cells  of  the  entoderm  may  be  seen.  The  entoderm  cells, 
it  is  important  to  note,  are  distinctly  larger  than  any  of  the  periph> 
eral  cells,  though  the  latter  are  as  yet  larger  upon  the  ventral  than 
upon  the  dorsal  side.  Posteriorly,  the  limit  between  ectoderm  and 
entoderm  is  invisible.  A  section  of  the  embryo  at  about  this  stage 
(Fig.  28,  a)  shows  the  entoderm  to  consist  of  a  solid  mass  of  very 
granular  cells,  the  limits  of  which  are  ill  defined  in  the  section. 
In  the  anterior  and  middle  regions  of  the  egg  the  entoderm  is 
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definitely  sepftrated  from  the  ectoderm,  the  latter  being  dearer 
bot  with  only  obeoure  indioattona  of  the  cell  walls.  Behind  the 
middle,  however,  this  definite  limit  disappears,  and  we  find  lat]ge 
cells  with  conspicaoiw  nuclei  which  form  no  definite  layer  and  are 
continuous  with  the  granular  entoderm  cells  within.  The  ecto- 
derm layer  seems  to  abut  against  these  large  cells  and  not  to  overlie 
them.  It  appears  to  me  highly  probable  that  the  further  back- 
ward and  downward  extension  of  tiie  ectoderm  is,  to  some  extent 
at  least,  produced  by  the  separation  of  the  outer  ends  of  the  large 
cells  as  ectoderm  cells,  and  I'urtherrnore  that  this  process  takes 
place  not  only  in  the  later  but  also  in  the  earlier  btaj^es  of  develop- 
iueiil.  The  spherule  inai  ked  (i  in  the  ri<j:ure  is  apparently  under- 
going such  a  division,  but  the  secUon  does  not  show  this  definitely 
enough  for  certainty.  It  apj)ears  to  be  generally  the  case  with 
epibolic  invagination  that  the  microiuercs  receive,  for  a  time  at 
least,  constant  additions  from  the  macromeres,  and  the  extension 
of  the  ectoderm  is  due  to  this  process  as  well  as  to  the  multiplica- 
tion of  the  primary  micromeres.  So  long  as  the  two  kinds  of 
spherules  are  of  very  unequal  size  and  difi'er  jx  rceptibly  iu  consti- 
tution, the  layer  of  micromeres  can  be  set  n  t  o  grow  around  and 
envelop  the  macromeres.  But  if,  as  in  the  present  case,  the  niicro- 
mer^  and  macromeres  differ  little  in  size  from  the  time  of 
their  first  appearance,  the  separation  of  a  micromere  from  a 
macromere  must  be  the  divi-^ion  of  one  of  tlie  larger  spherules  into 
an  outer  ectodermic  cell  and  an  inner  entoderniic  one,  which  is,  so 
far  as  it  goes,  a  process  of  delamination.  This  process,  however, 
takes  place  progressively  from  above  downwards  and  backwards, 
so  tliat  the  last  parts  of  the  ectoderm  to  be  formed  are  those  at 
the  posterior  extremity  of  the  embrjro,  where  the  anus,  at  a  much 
later  period,  is  formed.  While  this  appears  to  be  the  general 
nature  of  the  process  in  ClymenelUif  it  is  quite  pof^ible  that  the 
four  primary  micromeres  contain  no  entodermic  part,  and  that  a 
part  at  least  of  the  large  posterior  micromeres  are  at  last  actually 
overgrown  by  the  advance  of  the  ectoderm  without  contributing 
cells  to  that  layer.  Further  discussion  of  this  mode  of  develop* 
ment  is  defen  ed  until  after  a  description  of  the  segmentation  of 
Artnioola  and  Chcctopterus. 

The  embryo  gradually  elongates,  and  when  about  24  to  30  hours 
old  (Fig.  31)  acquires  a  broad  band  of  short  cilia  surrounding  the 
anterior  part;  this  is  soon  followed  by  a  second  much  narrowier 
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bant!  (Fig^.  32)  Tn  ar  die  j)osterior  end.  The  %Hi)lrnl  surfaoe  also 
becomes  unilurmly  ciliated  except  upon  a  narrow  iutcrval  in  front 
of  the  posterior  nog.  Xbe  cborion  has  remained,  duriog  all  these 
stages,  and  now  forms  a  very  distinct  cuticle  which  is  perforated 
hf  the  oilia.  This  cuticle  {nrsists  in  kter  stages  and  from  the 
oatermost  lajer  of  the  body  of  the  young  worm. 

The  larvse  now  swim  slowly  through  the  mass  of  jellyi  rotating 
slowly  about  tbe  longitadmal  axis.  In  iavorable  specimens  (Fig. 
33)  the  large  entoderm  oetls  are  visible  and  the  layers  are  sharply 
separated  at  the  anterior  extremity.  Posteriorly,  however,  and  in 
the  region  of  tbe  ciliated  bands,  tbe  ectoderm  is  very  opaque  and 
cannot  be  dearly  distinguished  from  tbe  entoderm.  Figure  1, 
Plate  XXIII,  represents  tbe  larva  of  sixty  hours,  at  which  age  it 
sometimes  leaves  the  jelly  and  swims  for  a  time  slowly  about  in 
the  water.  More  commonly,  however,  it  remains  in  the  ^g-mu.*jb 
during  a  much  longer  period. 

The  jE^rowth  of  the  larva  to  tlie  adult  takes  place  in  the  usual 
manner  by  elongation  ot'  the  body  anti  the  mntinnal  formation  of 
somites  in  regular  succession  from  the  posterior  region.  The  seg- 
mentation is  at  first  expressed  externally  only  in  the  arrangement 
of  the  setfid;  it  is  only  in  late  stages  that  the  external  lines  of  divi- 
sion between  the  somites  become  visible.  About  the  third  or 
fourth  day  a  pair  of  eye-specks  appears  just  in  front  of  the  anterior 
ciliated  band.  Figure  2,  Plate  XXXII,  represents  the  larva  five 
days  old,  taken  from  tbe  egg-mass.  Four  setigerons  somites  have 
appeared,  but  tbe  larval  cilia  remain  as  before,  though  they  no 
longer  extend  to  tbe  apex  of  the  prceoral  lobe  and  are  disap- 
pearing from  the  ventral  side  behind.  Tbe  mouth  is  now  visible 
and  lies  behind  the  anterior  ciliated  belt.  The  setsB  number  two 
or  three  in  each  somite ;  they  are  all  setiform  and  belong  to  the 
dorsal  ramus,  no  unoini  having  as  yet  appeared. 

The  young  ChjmeneUas  lived  more  than  a  month  in  the  aqua- 
rium, when  they  had  acquired  fifteen  setigerons  somites  and  some 
of  the  cliaraeteristic  external  features  of  the  adult.  The  anal 
funnel  i>4  developed  from  a  aeriea  of  rounded  papiliic  surrounding 
the  anal  opening.  The  uncini  (sette  of  the  lower  ramusj  are  not 
developed  until  the  seta?  of  the  upper  ramus  have  appeared  in  a 
xiumber  of  s^ments.  Like  the  latter,  the  uncini  fir^t  appear  in 
tbe  anterior  segments,  but  tbe  order  of  their  development  is  less 
regular  than  that  of  tbe  npper  setsB. 
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I  have  not  observed  how  the  mouth  and  anus  are  formed.  At 
the  close  of  segmentation  no  blastopore  is  visible,  and  the  mouth 
appears  much  later  on  the  ventral  side  in  or  behind  the  atiterior 
ciliated  belt.  The  anus  aj)]H  ars  to  arise  still  later  at  the  posterior 
extremity  wliere  the  blastopore,  if  present,  should  by  auaiogy  be 
iMiiiui,  Tije  alimentary  cavity  is  hollowed  out  in  the  middle  of 
the  entodermic  muss  long  beibre  any  communicatiou  with  the 
exterior  can  be  lound. 

In  the  oldest  larva  observed  the  proboscis  is  well  developed  and 
is  protrusiblo;  the  last  remnants  of  the  anterior  ciliated  band  still 
]>prsist  in  trout  <)\  the  moutli,  and  the  lar\  al  ryes  are  still  present; 
there  ia  still  a  single  unoious  only  iu  the  anterior  somite. 

Areidoola  endaia,  8limpflOD. 

The  segmentation  of  the  eg^gg  of  this  species  is  so  similar  to 
that  of  Clymenclla  that  it  will  be  uoneoessary  to  give  so  detailed  a 
description  of  it. 

The  eggs  are  embedded  in  huge  gelatinous  masses  which  assome 
various  forms  &s  they  are  swayed  to  and  fro  by  the  tide.  A  com- 
mon form  is  irregularly  <^lindrioaI|  three  or  feet  long  and  as  many 
inches  in  diameter.  Sometimes  they  are  rounded  and  shapeless, 
lying  fla£  on  the  sand ;  In  other  esses  they  are  as  long  as  six  feet 
or  more  and  from  one  to  three  inches  in  diameter.  The  size  of 
these  masses  is  enormous,  considering  the  dimensions  of  the  adult 
worm,  and  this  is  the  more  striking  from  the  fact  that  the  egg- 
masses  of  X  Martna  (pkoaiarwnf  Auct.)  as  described  by  Max 
Schultse*  9X%  hundreds  of  times  smaller,  being  scarcely  a  fourth  as 
large  as  those  oY  GlymeneUa,  and  containing  only  three  or  four 
hundred  eggs.  The  number  of  eggs,  in  the  case  of  our  spedes, 
must  reach  several  hundred  thousand.  They  are  small  (the 
average  diameter  being  about  .13  mm.),  nearly  spherical  or 
slightly  oval  in  form,  very  opaque,  and  are  inclosed  in  a  remark- 
ably thick  chorion  which,  seen  by  oblique  light,  appears  to  be 
perforated  by  minute  radiating  pores.  The  vitellus  is  of  a  light 
cinnamon  color^  so  that  the  ^g-mass  appears  of  a  decided  reddish 
brown  tint. 

1  Abbuiidlungcn  der  iialurforschenden  Gescllsebaft  zu  Ilallc,  18S5,  priotcd 
In  1860. 
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The  early  stages  of  development  resemble  those  of  ClyineneUa 
fio  closely  that  one  set  of  fi<^»ires  might  almost  auswer  iur  botii. 
JJo  direction-cells  were  observed. 

The  vitellus  tiijjt  divides  into  two  iuie<|nal  parts  which  80011 
flntti'ii  toi^f'thor  somewhat,  and  a  rcstiug-sta^c  of  al>out  twenty 
minutes  ensues  (Fi^^s.  So,  36,  37).  The  second  cleavaire  (Figs. 
38,  30)  takes  place  exru-tly  as  in  Clymenella  and  is  suc'eee<ied  by  a 
second  rcstin^-ftnge  [h  i^.  47).  The  third  cleavage  tnkt'^  place  in 
the  horizontal  plane,  separating  four  inicr  niK  ro  Ironi  the  upper 
pole  of  the  egg  (Figs.  40,  49).  As  in  Cfi/menelhi,  liie  micromeres 
beeonie  shifted  so  as  lo  lie  between  the  macroniercs  instead  of  over 
them,  and  the  egg  passes  into  a  tliird  resting-stage  (Figs.  41,  oO). 
As  before,  one  of  the  micromeres  is  a  little  larger  than  tiie  others. 
It  is  a  noteworthy  fact  that  the  micromeres,  as  compared  with  the 
macromeres,  are  distinctly  larger  than  in  the  ClymmeOa  egg;  that 
18  to  say,  the  segmentation  is  lew  unequal.  • 

After  a  quiescence  of  fifteen  or  twenty  minutes  aoiivitjr  ii  re- 
samed;  we  will  first  follow  the  changes  at  the  lower  or  macromere 
pole.  The  macromeres  divided,  in  the  specimen  figured,  almost 
simultaneously  (Fig.  42),  each  giving  rise  to  a  smaller  anterior 
and  a  larger  posterior  spherule  (these  are  connected  in  the  figure 
by  short  lines  to  show  their  derivation).  Very  soon  aflen^ard 
the  micromeres  also  divide  (Fig.  62,  from  another  egg),  and  the 
egg  passes  into  another  pretty  marked  resting-stage  (Fig.  43)  of 
about  twenty  minutes  duratioii.  From  the  large  posterior  macro* 
mere  a  smaller  spherule  then  separates  (Fig.  44)  on  the  right  side, 
and  the  other  macromeres  divide  in  somewhat  irr^ular  saccession 
(Figs.  44  to  46). 

Figures  51  to  53  represent  the  changes  (in  another  sgg)  of  the 
upper  pole.  The  micromeres  form  a  cap  of  smaller  cells  which 
are  behind  dearly  separated  from  the  macromeres,  but  elsewhere 
graduate  into  the  latter.  Owing  to  the  great  opacity  of  the  eggs, 
I  have  not  been  able  to  follow  ttie  subsecpient  changes  as  fully  as 
in  dj/mmeUOf  but  so  far  as  could  be  determined,  they  were  essen- 
tially similar  to  those  of  the  letter.  Two  or  three  spherules  at 
the  posterior  end  retain  for  a  long  time  their  predominance  in  sise 
(Fig.  54)  and  appear  to  be  in  part  overgrown  by  the  peripheral 
cells.  Elsewhere,  the  micromeres  and  macromeres  graduate  into 
each  other,  and  the  macromere  appear  to  separate,  in  the  course  of 
their  development,  into  peripheral  parts  which  become  incorporated 
19 
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into  the  ectoderm  and  oentnil  parts  which  pMS  into  the  entoderm. 
Figures  66  and  56  are  opposite  views  of  an  embryo  about  nine 
hours  old.  The  blank  space  at  the  bottom  of  Figure  66  is  the 
posterior  extremity ;  the  cell  oatlioes  oocdd  not  definitelj  be  made 

out  in  the  .specimen. 

The  snbseqaent  external  development  differs  from  that  of  Cly- 
mmeUa  only  in  matters  of  small  detail.  The  embryo  gradually 
elongates,  and  when  18  to  24  honrs  old  (Fig.  57),  acquires  a 
broad  anterior  belt  of  cilia,  in  front  of  which  appear  two  eye- 
specks.  Very  soon  a  second  belt,  much  narrower  than  the  first, 
appears  near  the  posterior  extremity,  and  the  ventral  surface 
becomes  covered  witli  a  broad  band  of  short  cilia,  wliich,  how- 
ever, does  not  extend  quite  to  the  posterior  ring  (Fig.  58).  The 
first  pair  ol'setie  ajipcar  during  the  third  day  (Fig.  5U).  The  head 
is  iiuw  di.stinet  and  the  mouth  has  appeared  on  the  ventral  side, 
apparently  in  the  middle  of  the  ciliated  belt;  at  a  later  stage  it 
lies  behind  this  belt.  The  chorion  of  the  earlier  stages  now  forms 
a  very  distinct  transparent  cuticle  which  is  peribrated  by  the  cilia; 
this  cuticle  persists  in  the  latest  stage  observed. 

At  about  this  stage  the  larva)  leave  tiie  egg-mass  and  swim 
about  actively  at  the  surface  of  the  water.  Tliey  always  swim 
towards  the  lightest  side  of  t!ie  vf'ssel,  where  they  crowd  to^etiier 
in  such  numbers  as  to  form  a  cinnamon-colored  scum  on  liie  w  u- r. 
The  free-swimming  life  is  very  brief,  lasting  commonly  no  ninre 
than  a  day  or  two.  Figure  3,  Plate  XXIII,  represents  a  larva 
of  four  days  which  was  slowly  swimming  about  near  the  bottom 
of  the  vessel.  The  body  now  shows  an  obscure  segmentation,  and 
a  new  pair  of  setaj  has  appeared  behind  the  former  pair.  A  new 
seta  has  also  appeared  on  each  side  in  the  anterior  setigerous  so- 
mite. In  front  of  the  two  setigerous  somites  is  a  segment  of  the 
body  without  sette,  and  in  front  of  this  is  the  head.  By  the  fifth 
day  another  somite  with  a  pair  of  rudimentary  seto^  is  developed 
from  the  posterior  region,  and  a  second  pair  of  setae  appears  in 
the  next  somite  in  fronts  These  setse  all  belong  to  the  upper 
ramus ;  the  new  ones  appear  below  the  older  oneSj  so  that  the  setSB 
develop  from  above  downwards.  In  a  few  specimens  of  this  age 
an  uncinate  seta  of  the  lower  ramus  has  appeared  in  the  ante- 
rior setigerous  somite.  The  cilia  have  begun  to  disappear,  aod 
though  many  of  the  larv»are  still  swsirming  at  the  suHiuie,  they 
secrete  a  gelatinous  substance  which  greatly  impedes  their  move- 
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inents.  Tlicy  soon,  however,  sink  to  ihp  bottom,  or  attach  them- 
selves to  the  sides  oi"  the  vessel.  Here  tliey  secrete  small  masses 
of  a  soft  o;elatiiious  substance  in  which  they  creep  actively  about. 
Thus  coiiditioned,  they  lived  more  than  three  weeks  in  the  aqiia- 
rinm.  At  tlip  pxpiratiou  of  this  time  they  were  of  a  long  vermi- 
frn  ni  shape,  obscurely  segmented,  and  pos-sessed  11  or  12  setigerous 
somites.  Figures  (>0  and  Gl  represent  the  larvae  of  eight  days. 
The  cilia  have  (inite  disappeared,  and  there  are  live  setigeroua 
somites.  Each  ol  these  has  a  single  uuclnus  in  the  lower  ramus 
and  in  the  upper  rami  4,  4,  3,  2  and  1  respes  ti  ly.  The  pro- 
boscis is  already  developed  as  a  thickened  region  ai  the  beginning 
of  the  alimeotary  caoal  aud  is  actively  protruded  and  with- 
drawn. 

Figure  4,  Plate  XXIII,  represents  the  young  worm  of  15  days, 
which  possesses  six  setigerous  somites.  The  larval  eye-specks  still 
remain,  and  the  head  is  distinct.  The  dorsal  pscudhojmal  vessel 
is  well  developed.  There  is  an  especially  glandular  region  of  the 
stomach,  extending  from  the  third  to  the  sixth  setigerous  somites* 
Beyond  this  point  I  have  not  followed  the  development^  siaoe  the 
worms  all  died,  probably  from  the  lack  of  food. 

Max  Sohultze  has  described  (L  o.)  the  larvie  of  the  European 
A,  mortno  (fiMaJborum)  which  are,  id  general,  very  similar  to 
those  of  our  species.  But  there  is  a  narrow  ciliated  ring  poste- 
rior and  another  anterior  to  the  broad  belt.  The  anterior  ex- 
tremity is  much  more  acute,  and  the  eyes  lie  in  the  broad  belt  of 
cilia  instead  of  anterior  to  it.  The  somites  become  very  definitely 
marked  at  an  early  stage,  bat  the  setse  do  not  appear  until  a  far 
later  period  than  in  our  species.  Horst  has  also  briefly  described^ 
the  larv»  of  a  European  species  which  agree  closely  with  ours. 
Unfortunately  I  have  not  his  paper  at  hand,  for  more  exact  ref- 
erence. 

The  larvas  of  Ct^rmmfiia  and  ArenMa  are  essentially  alike,  so 
iiir  as' regards  the  distribution  of  the  cilia;  and  they  are  of  the 
larval  type  originally  called  Tdothcha  by  Johannes  MQller,  in 
vhich  the  cilia  are  ananged  in  two  belts,  one  being  preoral  and 
the  other  near  the  posterior  extremity.  The  belts  in  this  case  are, 
however,  far  leas  definite  and  concentrated  than  in  the  strictly 
free-swimming  Telotroch»,  like  the  larv«s  of  Serine,  VapiUlla  or 

1  TiJdBchrift  der  ^oderl.  Dierk.  Vereeaiguu^,  D«el  I,  bl.  01. 
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Nephtbjs.*  The  belts  are  broad  and  the  cilia  short  and  weak. 
This  modification  of  the  Telotrochous  type  is  evidently  doe  to 

the  circumstance  that  the  free-swimniinu:  life  is  very  brief,  the 
larval  developraeiiL  luking  place  cliit-lly  in  the  gelatinous  egg-mass. 
A  very  similar  larva  is  that  of  Terebella  nehuloea*  which  likewise 
is  protected  within  a  gelatinous  p<xg-ma8S.  Clapar^de  and  Metsch- 
nikoff  have  also  described  a  biinilar  case — the  larva  of  Terebeila 
Meckelii — and  have  })ointiHl  out  its  significance.  We  find,  in 
accordance  witli  this  view,  that  in  the  Arenicola  larvre  which  lead 
a  brief  free-swiuiniing  life  the  belts,  in  the  earlier  stages  at  least, 
are  narrower  and  the  cilia  more  powerftil  than  in  Clumenelta,  the 
larv8B  of  which  never  .swim  freely  througii  the  water.  (This 
difference  is  not  well  illustrated  by  the  figures.) 

* 

ChasUtplerfu  pergameniaeeu9,  Cnvier. 

This  fine  Annelide,  for  the  identification  of  which  I  am  indebted 
to  the  kindness  of  Professor  Verrill,  of  Yale  College,  is  common 
at  Beaufort,  and  in  the  summer  of  1881  I  succeeded  in  fertilize 
ing  the  egg^  artificially  and  thus  procuring  the  ciliated  larvse. 
The  well-known  rcBearches  of  Johannes  MuUer,  Busch  and  Max 
Muller  have  made  us  fiimiliar  with  the  later  larval  stages,  but 
the  segmentation  of  the  egg  and  the  early  larval  forms  have  not 
hitherto  been  described. 

Adult  worms  of  full  sexual  maturity  were  found  on  the  sand- 
flats  during  the  months  of  Jane  and  July.  The  ovaries  are  in 
the  form  of  convoluted  masses  of  long  narrow  flattened  bands  of 
a  bright  yellow  color,  which  occupy  a  large  part  of  the  perivisoeral 
cavity  in  the  posterior  region  of  the  body.  The  spermaries  occupy 
a  similar  position  in  the  male  (the  sexes  being  distinet),  but  are  of 
a  creamy  white  color.  The  spermatozoa  are  of  the  ordinary  tailed 
form. 

The  Qnfertilieed  ovum  is  a  spherical  body  about  .09  mm.  in 
diameter;  the  vitellus  is  granular  and  opaque,  though  less  so  than 
ID  the  preceding  forms,  and  is  surrounded  by  a  vety  delicate  mem* 
brane^  which  only  becomes  distinctly  visible  after  fertilisation. 

1  Cla|)Hre(lt'  und  M«  t-(  hiiikMtl.    Z<^it«clirift  fiir  wi.*?.  Zof»logie,  Bd.  XIX,  lb69. 
*  Milne- Edwards.   Kccliercbes  Zoologiques,  etc.,  Ann.  d.  Sciences  Naturelle* 
86t,  III,  T.  Ill,  164& 
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My  observations  upon  the  segmentution,  especially  it  its  later 
stages,  are  somewhat  fragmentary,  but  iiulicato  a  mode  uf  devel- 
opment  very  similar  in  the  main  to  that  of  Qymmella.  A  few 
minutes  after  fertilization  the  membrane  begins  to  separate  Iroin 
the  vitellus  (Fig.  63).  Aluu  a  period  usually  of  about  thirty 
minutes  the  ecrg  elongates  slightly,  becomes  rather  more  trans- 
parent towards  one  en<l,and  soon  j)roilii(  e.s  in  succession  two  small 
clear  directi«)n  ceils  (i'  ig.  tj4)  at  this  eiid  ;  the  egi;  then  becomes 
again  spherictj.  The  first  cleavage,  about  tweiuy-live  mimUeis 
later,  divides  the  etrir,  as  usual,  into  two  uin  (jual  parts,  the  piano 
of  division  passing  tluonrrh  the  direction  cells  (Fig.  66).  At  the 
same  time  a  rounded  opaque  prominence  appears  on  the  surfiice  of 
the  larger  spherule,  on  the  side  opposite  to  the  direction  cells 
(Figs.  65,  66,  6).  This  singular  body,  which  is  much  lai'ger  and 
more  opaque  than  the  direction  cells,  subsequently  fuses  com- 
pletely with  the  vitellus,  and  the  part  played  by  it  in  the  develop- 
ment could  not  be  aaoertained.  ItB  appearance  is,  ponsibly,  due 
to  pathological  changes,  but  it  appears  to  be  always  present,  and 
I  believe  its  formation  to  be  a  normal  oocarrence.  Quatrefages 
oI)served  a  somewhat  similar  thing  in  the  segmentation  of  Sabel- 
hria  {Hermella^  but  normal  and  abnormal  eggs  are  hopelessly 
eonfased  in  his  paper. 

After  the  first  cleavage  the  egg  passes  into  a  very  marked  rest- 
iog-stage  (Fig.  67)  in  which  the  spherules  flatten  together  much 
more  completely  than  in  the  corresponding  stage  of  Oi/mendla; 
this  oontinnes  fifteen  or  twenty  minutes.  The  second  division  is 
prsoiaely  like  that  of  CUfnuneUa  or  Armkola  (Figs.  68,  69);  the 
plane  of  cleavage  again  passes  through  the  direction  cellsi  which 
therefore  lie  above  the  point  where  the  four  spherules  meet  The 
egg  then  passes  into  a  second  marked  resting-stage  (Fig*  70)  dur- 
ing which  the  peculiar  prominence  on  the  lower  side  of  the  egg 
fuses  permanently  with  one  of  the  spherules. 

The  third  period  of  activity  results,  as  before,  in  the  separation 
of  four  micromeres  (using  this  term  for  the  sake  of  analogy)  at  the 
upper  pole,  where  the  direction  cells  are  situated  (Figs.  71,  72). 
These  ''micromeres"  scarcely  merit  the  name,  for  they  are  still 
larger  than  in  ArenMokif  being,  in  fiict,  but  slightly  smaller  than 

1  Memoire  sur  I'embrjogenie  lius  Annelides.    Ana.  d.  Sciences  NaturelIeK, 
S^.  Ill,  Ti  X,  1848. 
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tlie  macroraeres.  They  soon  place  themselves  between  the  macro- 
meres,  ami  a  third  resting-stnge  results  (Fig.  73). 

In  ihc  next  stii^^c  all  the  spherules  divide  at  nearly  the  same 
moraeut  (Fig.  74)  and  the  inequality  in  size  between  the  spherules 
is  even  less  marked  than  l)efore.  The  spherules  again  flatten 
down, and  a  Ibiirtli  restin^^-stagc  followr.  (Fig.  75).  Further  stages 
in  the  segmentation  are  represented  in  Fiirures  76,  77,  78;  in  the 
last  figure  the  outline  of  the  entoderm  is  faintly  visible.  The 
inequality  in  sl/t  between  the  sphernk^s  bei!onje8  very  slight  after 
the  stage  represented  in  Figure  76,  and  I  have  not  seeu  the 
large  posterior  macronieres  observed  in  the  other  ei^gs. 

The  embryo  gradually  ( 1  »ugates  and  at  some  time  between  the 
twelfth  and  eighteentli  iiours  becoints  everywhere  covered  with 
cilia.  These  do  not,  however,  perforate  the  egg  nicmliriine,  as  in 
the  cases  already  described.  During  the  segmentation  tiic  mem- 
brane separate  more  aad  more  from  the  embryo  and  Hoaiiy  dis- 
appears. 

The  cilia  very  soon  assume  the  arrangement  shown  in  Figure 
79  (18  hours).  The  cilia  are  somewhat  longer  over  an  area  behind 
the  middle  of  the  body,  thus  forming  an  ill-defined  belt  in  this 
region.  There  iB  a  very  definite  anterior  apical  tuft  of  long  cilia ; 
at  the  posterior  extremity  the  cilia  are  longer  than  tfiose  of  the 
general  surface,  but  tliey  do  not  form  a  definite  tufl.  Six  hours 
later  (Fig.  80)  the  body  is  still  more  elongated,  the  mouth  has 
appeared  on  the  ventral  surface  io  front  of  the  belt  of  longer  cilia, 
and  a  pair  of  eye-speoks  are  present  still  further  forward;  they 
are  upon  nearly  opposite  sides  of  the  body,  though  somewhat 
towards  the  dorsal  side.  The  larva  swims  rapidly  about,  rotating, 
at  the  same  time,  on  its  long  axis.  The  ectoderm  and  entoderm 
appear  definitely  separated,  except  at  the  extreme  posterior  end. 

The  larva  of  forty  hours  is  represented  in  Figures  81  and  82 
from  the  left  and  ventral  sides  respectively.  The  mouth  is  very 
distinct  and  leads  into  a  distinct  msophagus.  The  ciliated  belt  is 
much  more  definite,  and  just  behind  it,  on  each  side,  is  a  long  stout 
flagellum  (/)  which  is  usually  in  a  state  of  rapid  vibration*  The 
anus  is  not  yet  formed.  During  the  next  twenty-four  hoars  the 
larva  rapidly  elongates,  the  prsBoral  lobe  becomes  distinct,  and 
the  three  regions  of  the  alimentary  canal  are  clearly  defined. 
The  anus  appears  on  the  dorsal  side  just  in  front  of  a  terminal 
papilla  (Fig.  o,  PI.  XXIII)  which  bean  a  tuft  of  long  cilia.  The 
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boily  becomes  ob^euroly  divided  into  three  regions,  viz:  the  very 
large  prrefjral  lobe,  a  middle  region  in  which  the  stoinacli  lies, 
and  a  posterior  region  including  the  short  intestine.  The  belt  of 
longer  cilia  encircles  the  middle  region,  but  is  now  less  definite 
than  in  the  last  stage  figurtHl.  A  second  belt,  as  yet  ill-defined, 
has,  however,  appeared  on  the  poeterior  region.  The  cilia  of  both 
belts  graduate  into  those  covering  the  general  sorfaoe.  I  could 
not  see  the  flagella  in  the  specimens  fignred,  though  they  are  cer- 
tainly present  in  older  specimens.  The  larva  of  five  or  six  days 
are  shown  in  Figures  88  and  84.  They  are  much  like  those  of 
three  days,  bat  the  anterior  belt  of  longer  cilia  has  almost  or  quite 
disappeared,  while  the  posterior  belt  is  well  developed.  The 
flagella  still  remain,  and  in  some  8(>ecimens  (Fig.  84)  there  are 
two  ur  three,  instead  of  one,  on  each  side.  The  alimentary  canal 
occupies  ahuost  the  entire  perivisceral  space,  which  is  reducetl  to  a 
narrow  cleft.  The  three  regions  of  the  I'ormer  e<Mi-i-t  of  a  very 
wide  rather  thick-walled  a'S{)j)iiagiis,  a  large  stoni;i(  li  wiiU  ihick 
and  glandular  walls,  and  a  very  short  globose  thiii-walle<l  intes- 
tine. The  month  is  enormously  large  and  of  a  triangular  ibrm. 
!From  its  posterior  angle  a  narrow  groove,  lined  with  rather  long 
cilia,  runs  backwards  in  the  median  line. 

Figures  6  and  7,  Plate  XXIII^  represent  the  krve  of  twelve 
days,  the  oldest  raised  from  the  egg.  In  general  appearance  they 
.  are  considerably  like  tlie  last  stage,  but  the  anterior  belt  of  longer 
cilia  is  entirely  atrophied,  and  the  dlia  over  this  part  of  the  body 
do  not  differ  from  those  covering  the  entire  surface.  The  posterior 
belt,  however,  is  now  perfectly  definite  and  greatly  developed.  It 
consists  of  a  series  of  very  long  and  powerful  cilia,  like  those  of 
the  characteristic  belts  of  other  Mesotroehal  forms.  Towards  the 
iniddlt'  line  on  the  ventral  side  these  eilia  gradually  disappear,  so 
that  the  belt  is  open  below  ;  it  i^i  very  probable  that  new  cilia  are 
formed  at  this  point.  The  cilia  of  the  belt,  except  in  being 
shorter,  are  much  like  the  fla^»lla  of  the  last  Ptage,  and  I  wa<  at 
first  inclined  to  believe  that  tlie  belt  is  formed  by  an  extension 
of  the  flagella  around  the  boily.  This  point  was  not  definitely 
settled ;  I  think,  however,  that  tlio  belt  is  not  thus  formed,  but  is 
a  further  specialisation  of  tiie  tract  of  lon^^er  (^ilia  surrounding  the 
posterior  region  of  the  body  in  the  preceding  stages. 

Soon  after  the  last  stage  described  the  larv»  all  died.  I  have 
only  once  succeeded  in  taking  an  older  larva  at  the  surfSwe,  and  of 
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this  have,  unluckily,  no  ekeiclies.  This  larva  agrml  closely  with 
the  Mcfiotrochct  sexacidata  of  Juliannes  Miiller,  which  was  shown 
by  Max  Miiller  to  be  a  young  t  katopterm  —  probably  C.  Nor- 
V€fficu8y  Sars.  In  its  general  features  it  was  sioiiUir  to  the  larvai 
just  described,  but  there  were  two  very  distinct  belts  of  powerful 
cilia.  Hence  it  would  appear  that  our  larva,  in  the  course  of  its 
further  development,  elongates  and  acqaires  a  second  belt  of  cilia 
which  probably  arises  behind  the  first 

The  ventral  longitudinal  ciliated  groove  is  a  somewhat  interest* 
Ing  feature  of  the  Chafcpienu  larva.  It  may  perhaps  be  com- 
pared with  the  ventral  ciliated  region  of  the  larv«d  of  CfymeneUa^ 
Arenieola,  and  a  number  of  other  Polychs»ta,  of  JSb/tturws  and  of 
Oligocbflstous  larvsB  generally.  In  the  embryo  of  EuaxtB  Kowa- 
levslty  observed  a  ciliated  groove  very  similar  to  that  of  "Chedo/p^ 
terus.  Ill  the  genus  ProtodriluSf  recently  described  by  Hat8chek,a 
sinjilar  gruuve  is  perjsistcnt  thronjjIiuuL  lite;  while  in  at  least  some 
other  Oligochapta,  as  we  know  Ironi  lialschek's  beautiful  reseuK  !u  s, 
auch  a  ventral  ciliated  groove  becoiues  infoldetl  to  form  a  part  oi  the 
ventral  nerve  cord.  It  is,  however,  (jiiite  possible  tliat  the  ventral 
groove  of  ChcFtopttrus  has  no  signiticance  in  this  direction,  l)ut  is 
a  special  larval  adaptation  which  simply  plays  a  part  iu  britigiog 
particles  of  food  towards  the  mouth. 

The  ap|iearance  ol  a  provisional  belt  of  cilia,  which  afterwards 
disappears  and  is  replaced  by  another|  may  perhaps  have  some, 
ancestral  meaning. 

SpiocJicdopierus  ociUaluSj  Webster.  (?) 

Daring  the  summer  of  1879  nnroerons  specimens  of  a  ChsBtop- 
terid  larva  were  taken  by  the  dipping-net  at  Fort  Wool  in  the 
southern  Chesapeake.    These  larvtt  developed  in  the  aquarium 

until  they  could  be  recognized  as  Spiochcetoj^erus,  or  a  closely 
allied  genus,  and  for  the  sake  of  comparison  with  other  larva?  of 
this  family  a  brief  description  of  them  may  be  given.  The  larvte 
were  true  Mesotrochai,  closely  similar  in  every  respect  to  the  frec- 
swimmint^  young  of  Tr/t'psrivuA  as  described  by  Claparetle  and 
Metschnikoff  in  tiie  paper  alreadv  referred  to;  hence  a  very  briet 
description  will  suiiice.  My  only  reason  tor  referring  the  larva  to 
Sars's  genus  is  that  Telepmivus  is  not  known  to  exist  in  our  waters, 
while  SpiocluKUrpUrus  is  abundant  at  some  places  on  the  eastern 
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shore  of  Virginia,  as  well  as  farther  nortlnvaidji.  Tiie  ^*  Telep- 
mvwi*'  larvie  were  not  identified  with  certainty  and  might  with 
equai  reason  have  been  referred  to  Spiocfui  lajdetnis. 

The  larva  (Fig.  PI.  XXIII)  is  more  or  lc.<^s  elongated,  tliuugh 
of  exceedingly  changeable  form.  As  in  Chatopterus  there  is  a 
distinct  prieoral  Jobe,  a  fleshy  bilobed  lower  li{)  and  a  hirge  trian- 
gular month.  The  eyes  are  two  in  number,  placed  on  nearly 
opposite  sides  of  the  body.  Behind  the  eyes  is  a  pair  of  very 
contractile  short  tentacles.  A  little  way  bebiod  the  middle  of  the 
body  is  a  aeries  of  very  powerful  cilia  encircling  the  body;  they 
are  borne  on  a  thickened  ring  of  the  body-wall.  This  ring  divides 
the  body  into  two  regions,  the  anterior  of  which  contains  nine 
somites^aa  shown  by  the  groups  of  setsa;  the  posterior  is  imper- 
fectly segmented  and  is  terminated  by  a  small  appendi^  which 
resembles  the  terminal  papilla  of  OhcdopUrua,  or  is  more  usually 
two*jointed*  .  Just  below  the  ciliated  ring,  on  the  dorsal  side,  nrc 
the  rudiments  of  two  pairs  of  branchiss.  The  alimentary  canal  is 
very  distinctly  divided  into  the  usual  three  regions— cesophagtis,  * 
atomaeh,  and  intestine,  the  latter  terminating  in  a  dorsally  placed 
anus.  On  the  ventral  side  of  the  body,  about  opposite  the  seventh 
setigerons  somite,  is  a  glandular  infolding  of  the  body-wall. 

In  the  oldest  larvae  observed  (Fig.  85)  the  body  Is  much  more 
elongate,  and  the  anterior  region  and  buoeal  s^ment  have  assumed 
the  appearance  of  the  adult  Two  pair  of  branchie  have  appeared 
on  each  of  the  two  segments  behind  the  thickened  ciliated  ring ; 
from  the  latter  the  cilia  have  nearly  disappeared.  The  posterior 
region  is  much  elongated  and  is  distinctly  segmented.  The  young 
worm  hss,  in  fact,  attained  practically  the  adult  structure,  though 
the  middle  or  branchiferons  region  contains  as  yet  only  two  somites. 
The  oesophagus  has  elongated  greatly,  extending  backwards  nearly 
to  the  middle  region.  Figure  87  represents  the  peculiar  stout 
seta  of  the  fourth  segment^  and  Figure  88  the  ordinary  form  of 
sQhii  from  the  anterior  region.  The  branchi©  are  bilobed,  and 
each  lobe  is  fnrnished  with  a  short  series  of  powerful  cilia. 

The  larvae  of  all  of  the  Chmtoptei'iihr,  so  far  as  known,  are 
true  Mesotrochae,  and  this  type  of  larva  is  not  known  to  occnr 
in  other  groups  of  Annelides,  These  larvie  agree  in  so  many 
other  respectii  besides  the  arrangement  of  cilia,  that  it  is  not  easy 
to  avoid  the  conclusion  that  they  must  represent,  to  a  certain 
extent,  the  aacestral  type  from  which  the  various  forms  in  this 
20 
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very  peculiar  family  have  been  derived.  However  this  may  be, 
it  is  interesting  to  observe  that  the  larve  of  SpioehcBtopterua  (or  of 
Tdq>8avu8)  with  their  siogle  ciliated  ring  remain,  throughout  their 
larval  existence,  in  a  condition  which  is  only  temporary  in  the 
ChcBtopteruB  larva.  The  larva  of  J%ylloekcBtopUru9,  like  that  of 
ChcdopteruBf  has  two  ciliated  rings  (Clapar^e  and  Metschnikoff)^ 
though  the  adult  is  far  more  like  Spiochceioplerut,  The  case  is  of 
some  interest  as  showing  how  readily  the  ciliation  of  larvsB  may 
undergo  modification,  even  within  the  limits  of  a  small  and  well- 
ciroumscribed  group,  and  quite  iudependently  of  mich  conditionB 
as  parasitism  or  the  special  protection  of  the  young  in  egg-masfleB 
like  those  of  ClyraentUa.  It  would  be  interesting  to  observe 
whether  the  larva  of  riiyllochcetopierus  liliewise  passes  through  a 
temporary  monotrochai  stage. 

Diopatra  eupreOf  Clapardde. 

*  A  few  observations  upon  the  young  of  this  species,  made  at 
Beaufort,  may  perhaps  be  worth  describing  for  the  sake  of  com- 
parison with  other  Euoicid  larvte.  The  larvae  are  found  embedded 
in  long  strings  of  slimy  jelly  which  may  often  be  found  attached 
to  the  tubes  of  the  worm.  In  spite  of  numerous  efforts,  I  have 
never  procured  the  eggs  in  the  early  stages  of  development.  The 
youngest  larvss  observed  (Fig.  89)  were  pear-shaped  and  without 
indication  of  segmentation.  There  are  two  widely  separated  eye- 
specks  at  the  anterior  extremity,  and  the  body  is  peculiarly  blotched 
with  irregular  spots  of  dark  pigment  A  very  broad  band  of  short 
cilia  surrounds  the  middle  region  of  the  body,  and  just  in  front  of 
this  is  another  very  narrow  and  ill-defined  band.  At  the  anterior 
end  is  a  sinail  aj>ical  tuft  of  cilia;  the  narrow  posterior  extremity 
is  surronndod  by  u  narrow  but  pretty  distinct  ring.  Thus  the 
larva  appears  to  bo  a  slightly  moditied  Atrooha,  like  other  £uQicid 
larvic. 

In  the  next  stage  observeil  (Fig.  iiO)  the  body  has  elongated 
slitrbtly,  and  the  posterior  region  has  become  divided  into  five 
pretty  distinct  somites,  each  of  which,  except  the  last,  has  a  tuit 
of  cilia  on  each  side.  In  other  respects  the  ciliation  is  the  same 
as  in  the  last  stage.  We  observe  that  the  broad  ciliated  belt  lies 
quite  in  iront  of  the  segmented  part  of  the  body  and,  therefore, 
presumably  in  the  head  r^on.    At  the  posterior  extremity  of 
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the  body  are  two  slight  protuberances  wliich  are  rudiments  of  anal 
cirrhi.  Firruro  9,  Plate  XXIII,  represents  a  considerably  older 
larva  from  ilic  >:\u\v  i«>]!v-t)in«s  with  the  last.  The  segmented 
region  has  greatly  elongaU  d,  the  somites  are  very  distinct  and  of 
about  equal  size,  and  the  parapodia,  with  distinct  dorsal  cirrhi, 
have  appeared.  The  eyes  have  moved  backwards  nearly  to  the 
middle  of  the  head  rei;ion.  Nearly  midway  between  them  is  the 
rudimentary  median  antenna,  and  just  in  front  of  each  is  a  lateral 
antenna;  the  latter  are  much  longer  tiian  the  former.  The  cilia 
are  arranged  as  ia  the  last  stage^  except  that  the  apical  tufk  aod 
the  anterior  narrow  ring  have  disappeared. 

By  the  end  of  another  week  the  young  worms  (Ficrs.  91,  92) 
have  loet  tlieir  cilia,  left  the  jelly-mass  and  crawl  about  on  the 
walls  of  the  aquarium,  especially  oo  the  side  turned  to  the  light. 
The  body  is  vermiform,  three  new  somites  have  appeared  behind 
the  five  of  the  last  starve,  the  parapodia  are  very  prominent,  the 
anal  cirrhi  elongated,  and  the  head  and  buccal  segment  well 
defined.  The  cilia  have  disappeared,  excepting  a  tuft  in  front  of 
each  parapodinm  behind  the  firet.  The  medwn  antenna  has  elon* 
gated  considerably,  the  lateral  ones  still  more  so,  and  the  latter 
have  acquired  the  short  basal  portion  present  in  the  adults  Below 
the  lateral  antenon  a  second  pair  have  appeared  which  are  still 
short  and  simple.  On  the  upper  side  of  the  buccal  segment  are 
rudiments  of  the  ''tentacles''  (or  "tentacular  cirrhi").  A  para- 
podium  in  the  anterior  part  of  the  body  consists,  at  this  stagey 
of  a  somewhat  bilobed  protuberance  with  a  cirrhus  above  and 
below.  The  dorsal  cirrhi  are  present  in  all  the  somites,  diminish- 
ing in  size  to  the  last;  the  ventral  cirrhi,  however,  become  reduced 
behind  the  second  somite  to  low  rounded  prominences.  Rudiments 
of  the  branchisD  have  appeared  above  the  dorsal  cirrhi  of  the  sixth 
and  seventh  parafxidia.  The  brauchia  is  at  first  a  simple  ciliated 
cirrhiform  appendage,  which  only  in  much  later  stages  assumes 
the  spirally  blanched  structure  of  the  adult.  The  subsequent 
development  is  very  simple.  The  small  frontal  antennm  appear, 
two  additional  anal  cirrhi  grow  out,  the  body  elongates,  and  the 
young  worm  of  a  month  old,  except  for  the  simple  branchiae, 
resembles  the  adult;  it  has  at  this  age  twenly«three  setigerous 
somites.  About  the  end  of  the  second  week  the  young  worm 
leaves  the  jclly-mas:^  and  secretes  a  membraneous  tube  ia  which  it 
thereafler  dwelit*. 
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The  Diopafrn  larva  agrees  pretty  closely  with  that  of  Lumhri- 
coneicis  sp."  descriijctl  by  Clanar^de  and  Motschiiikoir  as  one  of 
Miiller*8  **^d/oc/i<i;,"  also  witli  tiic  larva  oi'  Eunice  sanguinm  {Koch), 
an(i  of  the  Ennicid  larva  desrrilKHl  by  Kmiin  and  Schneider/ 
which  appear  to  l>e  likewise  Atroclur,  I  did  not  deternuine  the 
precise  relation  of  the  nioutli  to  the  broad  ciliated  band,  but  the 
lntt(  1  \<  always  confined  to  the  head  region  and  the  mouth  appears 
at  the  posterior  margin  of  the  ce)>halic  sej^ment.  Heiiw  it  semis 
very  probable  that  the  hand  either  ])asse.s  in  front  of  the  month 
or  surrounds  it,  in  which  ease  the  "Atroehal"  larvae  of  at  least 
some  Kunieida'  may  be  extreme  modifications  of  the  Telotroehoiis 
type,  due,  as  in  the  case  of  ClymeneUa^  Areni&da  or  Terebella,  to 
the  absence  of  a  free- swimming  mode  of  life.  It  appears  very 
probable  that  JDiopatra  eupreaj  like  some  other  species  of  the 
£anicida,  is  viviparous,  or,  at  least,  that  the  se^meDtation  of  the 
egg  takes  place  within  the  perivisceral  cavity  of  the  parent.  It  is 
hardly  possible  otherwise  that  I  could  have  failed  to  discover  the 
segmenting  eggs  among  the  large  number  of  cgg^masses  examined. 
This,  if  true,  would  perhaps  explain  some  peculiarities  of  the 
development,  such  as  the  modification  of  the  ciliatlon  and  the 
early  and  rapid  development  of  the  somites.  In  Ikmitte  son* 
ffumtaf  which  is  certainly  viviparous,  the  development  is  mnch 
abbreviated,  and  the  somites  and  setft  appear  very  early.  It  is 
very  probable  that  all  of  the  "Atrocha''  are  either  young  larv» 
which  have  not  yet  acquired  their  characteristic  larval  features 
(e,  Ch€Bioptenu)j  or  forms  which,  like  Diapaira,  have  become 
modified  in  accordance  with  special  conditions,  such  as  the  abeence 
of  free-swimming  life. 

The  young  Diopatra^  at  the  stage  represented  in  Figure  69,  is 
much  like  an  unknown  Ennicid  larva  observed  by  Krohu  and 
Schneider,  agreeing  in  the  number  and  arrangement  of  the  an- 
tennae, the  number  of  setigerous  somites  and  anal  cirrhi.  It  resem- 
bles idso  the  young  Auiolytus,  in  the  number,  form  and  arrange- 
ment of  the  antennn.'  In  the  latter  genus,  according  to  Agsssis, 
the  median  antenna,  though  smallest,  is  first  to  appear.  A  further 
likenees  lies  in  the  fact  that  the    tentacular  cirrhi''  (append- 

»  Arch,  ffir  Anat.  und  Physiol.,  1867. 

2  Koch.    Xouc  Denk«chrUlt  der  AUg.  Schweiz.  GcseUscli.  gee.  jNaturwiss., 
Bd.  VIII,  1847. 
s  Alex.  Agauix.   Bmt.  Joar.  Kftt.  Hiit.|  Vol.  YII,  18fi9^18«a. 


Digitized  by  Google 


POLTOKSiTOUS  ANNELIDE3. 


291 


a^es  of  the  buccal  segment)  appear  at  a  late  |)eriod  after  both  the 
antennaa  and  the  dorsal  cirrhi  of  the  parapodia  are  well  advanced 
ia  tlevelopment.  The  same  order  in  the  development  of  the  au- 
tennse  is  followed  bj  Marphyna  mngiiined,  according  to  Webster, 
the  median  one  appearing  first,  then  the  npjirr  hiteral  ones,  and 
then  the  lower  lateral.  In  view  ot^  the  mor()iioion;ieal  importance 
which  has  been  attached  to  tlie  head  appendai^es  of  tlie  Annelides, 
it  would  be  interesting:  to  determine  how  iar  the  order  of  their 
appearance  is  coDStant  in  different  groups. 


Oor  knowledge  of  the  s^mentation  of  the  egg  in  the  Poly- 
chasta  ia  derived  from  the  accounts  of  a  considerable  number  of 
observers,  among  whom  may  be  especiallv  rnentione<l  Milne- 
Edwards,  Quatreftges,  Sars,  Clapar^le  and  Metschnikofi,  Hfeckel, 
Yon  Willemoes-Stthm,  Giard,  Stossich.  The  observations  of 
Stoei^ch  have  been  already  referred  to.  Those  of  Milne-Edwards 
give  little  more  than  the  result  of  segmentationi  without  consider- 
ing its  details.  Qitatre&ges  was  entirely  led  astraj  by  his  failure 
to  distinguish  between  normal  ^gs  and  those  which  underwent 
pathological  changes,  as  often  happens  when  eggs  are  artificially 
fertilized.  (I  have  unsuccessfully  attempted  this  experiment  with 
eggs  of  the  same  genus  [Sabdlaria},  studied  by  Quatreiiiges,  and 
can  testify  to  the  accuracy  of  his  figures  of  the  abnormal  eggs.) 
He  was  thus  led  to  certain  results  which  he  very  justly  asserts  to 
be  ''tout  nouveau  dans  I'histoire  de  rembiyog6nie.'' 

The  general  statement  in  regard  to  the  segmentation  made  by 
Clapar^e  and  Metaohnikoff  in  their  admirable  paper  on  Ch»to- 
pod  development  is  as  follows :  "  Bei  alien  Chastopoden  f  ubrt  der 
Yorgang  der  Dotterklfiftung  zu  der  Bildung  vop  zweierlei  Dotter- 
elementen,  die  sich  von  einander  nicht  nor  in  Bezug  der  GrOsse, 
sondem  auch  durch  das  Ansehen,  das  Brechungsvermogen  u.  s.  w. 
sehr  bedeulend  nnteracheiden.  Die  Btldnng  dieses  Gegensatses 
der  beiden  Embryonal maasen  riihrt  von  der  allerersten  Zweithei- 
lung  des  Dotters  her,  indem  die  erste  Kluflungsfurche  meist  so 
anprelegt  wird,  dass  der  Dotter  in  zwei  ungleiche  Halften  zerfiillt. 
Beide  kluften  sich  zwar  weiler  fort,  die  kleinere  jedoch  viel 
sehueller  als  die  gro^^^iere,  .so  dass  jene  zur  Bildung  von  sehr 
kleinen  Fnrcliungskugeln  oder  Zellen  1  iihrt,  welehe  die  grof5.«eren 
aua  der  Xliiitung  der  audcruu  gi6b6ereu  IJali'te  herruiireiide 
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Kageln  allmfiblig  mnwachsen  und  einschliessen.''*  This  aocoant 
•is  generally  accepted,  being  given,  for  instance,  almost  verbatim  in 
Huxley^s  "Anatomy  of  Invertebrated  Animals"  and  in  tlie  last 
editi<3n  of  Claus's  "Grandziige  dcr  Zoologie."  Ha3ckcl's  figures 
of  the  segmeiiung  eg«rs  of  Fdbricia  a^ree  with  this  account  and 
are  wonderluUy  like  ClaparuJe  and  Met&chuikoii"'s  figures  of  the 
eggs  of  *5//io,  a  widely  different  Annelide.  Without  denying  the 
a<x;aracy  of  these  observations;,  it  is  nevertheless  certain  that  in 
the  three  genera  de&cribed  in  this  paper,  one  of  which  is  very 
different  from  the  others,  the  ectodermic  and  entoderraic  jmrts  of 
the  egg  are  not  separated  until  long  after  the  first  cleavage.  No 
separation  is  effected  until  the  third  cleavage,  at  leant,  when  the 
spherules  can  be  diatiuguished  as  macromeres  and  microraeres; 
and  the  complete  disswiation  of  the  l:?vers  is  uoty  as  X  beiievO| 
eflfected  until  near  the  close  of  segmentation. 

Til  is  error,  if  it  be  such,  in  regard  to  the  early  stages  may 
appear  trivial,  but,  as  already  pointed  out,  it  is  one  which  ob- 
scures the  very  close  similarity  between  the  Polychietous  egg  and 
many  others,  and  as  j^ucIi  perhaps  needs  further  observations  for 
its  rectification.  Clapar^de  and  Metschnikoti*  drew  attention  to 
the  "sehr  willkommeue  Uebereinstimmung''  between  the  ficgmen- 
tatioo  of  the  Folychaeta  and  of  Hirudinea^  bat  the  oorrespondenoe 
Is  much  doeer  and  more  dctailetl  than  they  suppoeed.  Thus  the 
earlier  stages  in  the  segmentation  of  CUpnne  are  closely  similar, 
even  in  details,  except  for  the  greater  inequality  of  the  micromeres 
and  macromeres,  to  those  of  Clymenelia,  The  egg  of  the  Oligo- 
chstous  geous  Euaxesy  so  carefally  studied  by  Kowalevskj,  is 
still  more  like  the  Polychsetous  egg,  since  in  this  case  the  macro- 
meres undergo  division  at  a  much  earlier  period  than  in  Clepsine. 
It  may  be  worth  while  to  compare  the  Euazu  egg  with  that  of 
ClymmeUa  somewhat  in  detail.  After  the  second  cleavsge,  the 
egg  is  exactly  like  that  of  Clj/meMUOf  there  being  a  Istge  posterior 
s(iheru]e,  two  smaller  spherules,  and  one  of  intermediate  sise. 
This  stage  is,  however,  diflerently  attained,  if  Kowalevskj'a  veiy 
explicit  account  is  correct,  ioasmach  as  the  large  posterior  spbemie 
is  the  undivided  smaller  spherule  of  the  first  stagey  while  the  tliree 
others  are  produced  by  two  successive  divisions  of  the  primary 
iaiger  spherule.  As  in  ChfnuneUa  four  micromeres  are  produced  at 

1  ZeitMhr.  fiir  witt.  Zool.,  Bd.  XIX,  p.  206, 1869. 
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the  upper  pole  of  the  egg;,  thougii  not  at  the  Fame  time.  The 
posterior  micromere  is  much  laro;er  and  more  opaque  than  the 
others,  and  gives  rise  to  two  mesoblasta  as  well  as  to  ectoderm 
cells.  Although  it  is  oot  mentioned  in  the  text,  Kowalevsky^s 
figures  show  that  the  separation  of  micromeres  from  the  macro- 
meres  continues  for  a  considerable  period  after  the  formation  of 
the  first  four.  The  micromeres,  with  the  ezoeption  of  the  pos- 
'  terior  cue  already  referred  to,  are  at  all  stages  much  smaller  and 
clearer  than  the  macromer«s,  so  that  the  limit  of  the  eotoderm  is 
always  plainly  visible.  At  no  time,  however,  does  any  segmeu- 
tation  cavity  appear,  the  invagination  being  typically  epibolic. 

As  compared  with  the  development  of  Euaxa^  the  peculiarities 
of  the  Polychstous  segmentation  depBnd  npon  the  primary  slight 
di^renoe  in  siae  and  constitntion  between  the  raacromeres  and 
micromeres  and  the  speedy  division  of  the  former,  so  ss  to  reduce 
this  inequality  still  furthw.  In  Clpnmdla  the  inequality  between 
the  finit  ibnr  micromeres  and  four  macromeres  is  much  less  than 
In  EmsBm,  in  Artmcoia  still  less,  and  in  Oheehpterw  scarcely 
exists.  In  TerMlides  SirdmUf  according  to  Willerooes-Suhm,^ 
the  segmentation  is  equal,  bat  I  gather  from  his  somewhat  frag^ 
mentary  account  that  no  segmentation  cavity  and  no  invagi- 
nation were  observed.  Patting  these  facts  together  it  would  seem 
that  the  eggs  of  various  Chsstopods,  if  carefully  studied,  might 
show  us  within  the  limits  of  one  group  the  actual  steps  in  the 
conversion  of  invagination  into  deiamiuation  (c/*.,  p.  276).  Accord- 
ing to  this  view,  the  egg  of  SerpuHa  represents  the  primitive  form 
at  the  beginning  of  the  series,  having  an  equal  segmentation,  or 
nearly  so,  a  large  b<g mentation  cavity,  and  undergoing  an  embolic 
invagination.  As  the  entoderm ic  portion  of  the  egg  became  more 
and  more  loaded  with  food-yolk,  the  segmentation  became  more 
and  more  unequal,  the  sedimentation  cavity  decreased  in  size  and 
at  leugtli  disappeared.  Tliis  condition  is  retained  bv  the  egg  of 
Euaxm.  After  this  point,  however,  the  segmentation  becomes  less 
unequal,  owing,  perhaps,  to  changes  in  the  distiiljuiiun  of  the 
food -yolk  ;  and  the  three  genera  described  in  this  paper  represent 
three  stages  in  the  return  towards  au  equal  segmentation.  This 
return  is  not,  however,  accompanied  by  the  reappearance  of  a 
segmentation  cavity,  so  that  uu  luvaginatiou  is  not  possible,  and 

1  Zeitsch.  fur  wias.  Zool.,  XXI,  1871. 
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upon  this  fact  has  perhaps  dependetl  the  acquisition  of  a  mfxie 
of  development  resembling  delamination.  Wiiile  the  develop- 
ment of  some  PolychsetoaB  eggs,  if  my  account  is  oorrecty  has 
many  of  the  features  of  an  epibolic  invagination,  it .  is,  on  the 
other  hand,  nearly  akin  to  a  delamination  like  that  of  Tetrastemma^ 
or  ClamUaria,*  the  main  diffi»renoe  being  that  in  the  Annelide  egg 
there  is  only  a  partial  delamination  and  (hat  is  effected  hy  suo- 
cesive  etepe*  An  almost  precisely  similar  case  is  that  of  IhtbtUofia 
as  described  by  Ciamician  (2eitedb-(^ /fir  wmenaehe^Uiche  Zoologie, 
XXXII,  1879),  the  eggs  of  which  are  more  &vorable  for  obser- 
vation than  those  of  Annelides,  and  which  undergo  a  form  of 
development  almost  exactly  midway  between  epibolic  invagination 
and  delamination.  His  observations  have  not,  however,  been  cou- 
iirmed  hy  other  competent  observers. 

The  only  observer  who  has  given  a  description  of  the  later 
stages  in  accordance  with  that  yrivcn  above  is  \\  i llemoes-Snbm, 
who  says  tliat  in  the  e^ro*'^  <^i'  rcln  Uides  zodrrirola  he  could  not 
satisfy  himself  tliat  the  microrneres  envelop  the  macromeres,  and 
adds:  "In  den  ersten  Furchungt>stadien  sah  ich  allerdings  oft 
ungleiche  Furchungskugeln  und  mit  grosster  Deutlichkeit  .... 
aber  niemals  jene  Stadien  in  denen  das  Yorhandensein  der  beiden 
Dotterelemente  scharf  und  klar  her vorgetn  ten  ware."  On  the 
other  hand,  in  Spirorbk,  ''die  kieineren  Furchnngskugeln  um*^ 
wachsen  die  groeseren." 

Leaving  this  point,  which  must  remain  doubtful  until  a  thorough 
study  by  the  aid  of  sections  can  be  made,  certain  other  points 
are  noteworthy.  The  greater  sise  of  the  posterior  sphmie 
in  the  first  stages  is  a  curious  lact  which  calls  to  mind  the  seg- 
mentation of  many  MoUuscan  eggs.  The  greater  size  of  this 
spherule  may  be  in  part  duo  to  the  storing  up  of  mesoderm  ele- 
ments in  it.  Tiiat  this  is  noi,  however,  the  only  cause  is  proved 
by  the  (!ase  of  JEuaxeSf  where  the  [)reponderance  in  size  of  this 
spherule  is  quite  as  marked  after  the  separation  of  the  mesublasts 
from  it  a»  belure ;  and  where,  moreover,  a  large  })art  of  the  meso- 
derm does  not  come  from  this  spherule  at  all.  Tlie  |)rincipai  cause 
seems  to  be  a  tendency  towards  the  accumulation  of  food-yolk  in 
this  spherule,  which  is  thereby  retarded  in  its  multiplication. 

1  HoflbnanD.   Niederlandisehe*  Arehiv,  III,  1870-7. 
Kownlevsky*  Zool.  Anseiger,  No.  99,  1870. 


Digitized  by  Gopgle 


FOLYCK£TOUS  ANNELWES, 


295 


This  tcTifiency,  if  ]Misheil  .still  tiirther,  ini<rht  lead  to  the  forma- 
tion of  a  truf  iood-yolk,  as  Rabl  and  Brooks  have  shown  it  to 
have  been  formed  in  thie  Molln»can  Cfror.  It  is,  perhaps,  worth 
noting  that  the  Annelide  egg  corresponds  in  this  respect  very 
nearly  to  that  stajj^e  in  the  evolution  of  a  food-yolk  which  has  not 
yet,  according  to  Brooks,  hpen  discovered  atnong  the  MoUiisca. 
•  The  persistence  in  «ot:i("  (msls  of  the  chorion  as  the  larval  euticle 
is  a  rernark:ible  occurreiK  cnfirelv  confined,  SO  far  as  known,  to 
the  Chietopoda  and  Gephyrea,  and  by  no  means  universal  among 
them.  Some  doubt  has  been  east  upon  the  accuracy  of  observa- 
tions relating  to  this  point;  but  it  has  been  seen  in  so  many  ciises 
and  by  so  many  different  observers^  that  it  is  impoesible  not  to 
accept  it  as  a  fact. 

With  regard  to  the  nature  of  the  various  larval  forms  existing 
among  the  Polyohttta^  it  is  now  generally  admitted  that,  with 
perhaps  one  or  two  exceptions,  they  have  little  morphological  im- 
portance; and  that  it  is  impossible  to  form  any  claasifioation  of 
them,  based  on  the  distribution  of  the  cilia,  which  corresponds 
with  the  grouping  of  the  adult  forms.  With  the  posttble  excep- 
tion of  the  Mesotrochss,  which  form  a  very  disiinct  and  well- 
defined  group,  all  of  the  larval  forms  appear  to  be  readily  derivable 
from  the  Telotrocha ;  and  in  many  oases  the  modifying  conditions 
which  have  produced  the  change  are  obvious.  The  most  impor- 
tant of  these  is  the  absence  of  a  free^wimming  pelagic  life,  and 
thisy  in  turn,  depends  upon  the  provision  made  by  the  parent  for 
the  care  of  the  embryo  or  larva  during  its  early  life.  In  the 
Oligochttta  this  provision  is  so  perfect,  both  as  regards  food  and 
Iiroteotion,  that  a  larval  stage  is  entirely  dispensed  with,  the  cilia 
being  reduced  to  a  mere  remnant.  This  condition  is,  however, 
but  a  step  beyond  such  a  larval  form  as  that  of  DUtpaJtta  or  jE^ntec, 
and  it  seems  evident  that  the  embryological  differences  between 
»       Polycbasta  and  01igoch»ta  are  due  to  purely  adaptive  conditions, 

NoTB. — ^Wbile  this  paper  was  in  press,  I  received  an  important 
paper  by  Goette,  entitled  "Abhandlungen  zur  Entwiekelungs- 
geschichte  der  Tiere  {sic),  Erstes  Hef^  Untersuchungen  zur 
Entwickelungsgeschichte  der  Wllrmer.    Ill,  Ueber  die  Ent- 

wickelung  der  Chatopoden,"  [Leij)zig,  1882,  Leopold  V<ie8.]  The 
observations  descril)ed  in  the  paper  were  made  by  the  author  at 
Napled  iu  1880,  and  relate  to  the  development  of  iVere^  {lietao- 
21 
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nerein)  Dumeriiii  and  Spirorbis  nautiloides.  The  development  of 
the  latter  species  is  soinewimt  like  that  of  Serpula,  an  embolic 
i II vajxi nation  taking  place.  In  tlie  caso  of  AVrrj.s,  the  course  of 
develojHiK  nt  is,  in  the  main,  similar  to  that  whicli  I  have  described 
in  Clymenelki,  though  ditleriujj  in  .some  iniporiant  parlictilars  which 
do  not  tend  to  contirm  the  conclusions  which  seemed  to  bo  indi- 
cated by  my  observations.  The  proportions  of  the  four  primary 
blastomeres  and  their  division  into  four  microineres  hth  1  four 
nTaoromeres  are  almost  precisely  fhf  pnme  in  both,  tlipu^h  the 
rchitisc  sizf's  of  tlie  niicromcres  wiili  respect  to  each  otlier  are 
slightly  ditferent.  The  micromeres  multij)ly  to  form  tiie  ecto- 
derm,  which  does  not  receive  additions  from  the  maa-omei-es.  The 
latter  remain,  indeed,  quite  undivided,  except  for  the  separation 
of  ft  single  large  mesoblast  from  the  largest  of  them,  until  a  very 
late  period  when  they  have  been  entirely  enclosed  by  the  ectoderm 
and  the  blastopore  has  closed.  They  give  origin  then,  in  some 
unknown  way,  to  much  smaller  true  entoderm  cells,  and  are  them* 
selves  gradusUjr  used  up  as  fowl  material.  Dr.  Qoette's  observa- 
tions lend  no  support  to  the  view  adopted  at  page  276  of  this 
paper  in  regard  to  the  reparation  of  the  germinal  layers,  an  essen- 
tial feature  of  which  is  that  the  ectoderm  and  entoderm  are  only 
gradually  difTerentiated  ;  for  in  the  egg  of  Neteu,  which  is  a  &r 
more  fiiTorable  object  for  observation  than  those  studied  by  me, 
the  entire  ectoderm  appears  to  be  included  in  the  four  primary 
micromeres  which  are  separated  at  a  single  cleavage.  In  view, 
however,  of  the  marked  divergence  between  the  development  of 
JVSreis  and  OiymeneUa  in  other  respects,  it  is  quite  poniblo  that 
they  may  dlfSer  materially  in  the  formation  of  the  ectoderm;  and 
it  is  certain  that  the  derivation  of  the  entire  ectoderm  from  the 
four  primary  micromeres  in  such  a  gastrula  as  that  of  Nerek  is  a 
somewhat  exceptional  occurrence. 

I  take  this  opportunity  to  state  also  that  in  a  paper  just  pub- 
lished by  Metscbnikoff  [Zoitsclirift  ifir  wiss.  Zoologie,  December, 
1881],  Ciamician's  observations  on  the  development  of  TvMaria 
(see  p.  294),  are  positively  contradicted.  * 

January,  1882, 
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EXPLANATION  OF  FIGUllES. 
PLATE  XX. 

FiouBB  1.— TTnBegmeDted  egg  of  ClymenBlla  torquata,  x  90. 
Fiaua£s  2  to  4. — Formation  of  four  primary  blastomerea. 
FiQUBX  5. — Second  resting  stage  from  lower  pole  of  egg. 
FiouBB  6.— Bune,  from  apper  pole. 

FloURKS  7  to  9. — Sciiaration  of  the  inicrotnpres. 
FjQUEJB  10. — Side  view  of  an  egg  at  the  same  stage. 
FiouBB  11. — Third  reeting-etage^  from  upper  pole. 
Ftovbbb  18  to  IT. — Fourth  period  of  activftyf  from  upper  pole. 

FiGUUi  18. — The  same,  from  the  lower  pole. 

FiaUBBS  19  aod  20. — From  the  upper  pole,  thirty  minates  later,  to 
show  the  separation  of  a  small  cell  from  the  large  pos- 
terior spberale. 

FieuBB  21. — ^Obliqae  side  ylew,  oloety  minntei  later. 

FiouBBB  28  and  83. — ^Lower  and  upper  sides  of  another  egg  at  about 
the  same  stage. 

FioUEB  24. — Lower  side  of  another  egg  at  about  the  same  stage  to 

bhow  division  of  posterior  spherule. 

FioiTEBS  25  and  26. — ^Lower  and  upper  sides  of  a  still  later  stage. 
Fi«UBB  9T. — Side  view  of  last. 

Figure  28 — The  same,  tilill  later. 

FiaUBJl2S4l. — Longitudinal  section  of  last  stage,  to  show  the  large 
posterior  spherules  and  the  absence  of  a  segmentation 
cavity. 

FiouRB  29. — ^Embryo  of  fourteen  hours ;  the  large  polygonal  entoderm 
cells  are  Tislble  in  the  anterior  part. 

FiotmB  80. — ^Later  stage  with  the  layers  well  differentiated. 

FiouBE  31. — Larva  about  tweui^-eight  hours  old,  with  anterior  belt 
only. 

FiouBBB  32  and  33. — A  few  hours  later,  viewed  from  side  and  from 
dorsal  surface  respectively. 

FiouBB  34.^Head  of  young  worm  posseMiog  eleven  aetigerous  somites. 
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FiouRU  35  to  46. — Segmeotfttion'  of  an  egg  of  Arenicola  criMa 
▼iewed  from  lower  pole;  time,  1  boor,  48  minotw; 
X  116. 

FlOURSB  47  to  53. — The  same,  seen  from  the  upper  pole ;  time,  1  boor, 
30  minotes. 

FlOOaB  54. — Later  stage,  from  lower  pole. 

Fiointu55  and  56. — An  older  embryo  from  upper  and  lower  sides 
respectively. 

FiQOREB  61  and  58. — ^Larrm  of  18  to  80  honrs. 

FiQUBE  59. — Larva  of  three  days. 

FloVEES  60  and  61. — Larva  of  eight  days,  dorsal  and  lateral;  in  the 
latter  the  proboscis  is  fally  protruded. 

Fiouas  63. — The  same ;  proboscis  withdrawn. 

Figure  89. — Yoang  larva  of  Diopalra  cuprea  from  jelly  •mass ;  X  60. 

FiGUES  90.— Older  Inrva  from  same  jelly-mass  with  last,  the  body  is 
ob&cutely  segmented;  X  40. 

FiouBiB  91  and  93  The  same;  yonng  worms  a  week  later,  dorsal 

and  ventral  views ;  X  80. 

PLATE  XXII. 

FiauBi  68. — Fertilized  egg  of  OhmiopieruB  pergameniaeeusf  X  1^0. 
Figure  64. — ^The  same,  after  extension  of  the  direction  cells. 

1  luuaE  G5. — The  same,  after  the  first  cleavage,  from  the  lower  pole. 

FiauBX  66. — ^The  same,  from  the  side. 

Fiouua  67  to  70. — ^Farther  development,  from  lower  pole. 

FiGURB  71. — Separation  of  the  micromeres,  from  upper  pole. 

Figure  71  (secoiui). — The  same,  viewed  from  side. 

FiouBB  78.»Tbird  resting  stage,  from  upper  pole. 

Figure  78. — ^Fourth  cleavage,  from  side. 

Figure  74. — The  following  quiescent  stage. 

FiQURK  75. — Fifth  stage  of  activity,  from  side. 

FiouBia  76  and  77.— Later  stages  of  the  same  egg. 
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Figure  T9. — Larva  of  about  18  hours,  more  highly  magnified, 
f  iQUBE  80. — Larva  of  24  hours,  ventral  view  to  show  mooth. 
FioVRS  81. — Larva  of  40  boon*  yentral. 
FiauBS  88. — ^Tbe  same,  from  left  side. 

FiovRifl  83  and  84. — Larva  of  5}  days,  lateral  and  donal  Tiews. 

FiouE£  85. — tipiochniopterus  ocuialus  (?),  lateral  view  of  advanced 
larva;  y:  40. 

FiQUiia  86.»Tbe  same dorsal  view  of  buccal  segment 
FiauBi  8*^. — ^Peenliar  seta  from  foorth  segment;  X  880. 
FlQUBS  88.^Seta  of  ordinary  form,  anterior  region. 

FLATS  ZXIIL 

FlODRS  ]. — Larva  of  Clymenella  torquata,  60  hours  old;  X  125. 

FiovBia  2  and  3.— Tbe  same,  Bre  days  old;  dorsal  and  lateral  views; 
X  10. 

Fiovsi  4.— Larva  of  Areniccia  cristala,  four  days  old;  X  815. 
FiovRi  5. — ^The  same ;  fifteen  days  old. 

FiGUKB  6. — Larva  of  Chwlopleru%  pergameiUacem,  64  hours,  from 

right  side,  X  295. 

FiQUEis  7  and  8. — Larva  of  twelve  days,  lateral  and  ventral  views. 

Fiauaa  9. — Spiocha-Mpterua  oeidaiuB  (f),  firee-ewimming  larva^  from 
leftside;  X.60. 

FkGURB  10. — Diopatra  cuprea,  somewhat  advanced  larva  from  jelly- 
mass;  X 

[NoTK.  Thf  r  iHn  In  FlguTMSandSuafopnMiited  mochtooloiit;  lnFlganlalMtlM7Ma 

looger  than  lu  Quiurc], 
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THE  OBIGIN  OF  THE  EGGS  OF  SAXPA*  By  W.  K. 

BROOKS.  WithPl^toXXIY. 

In  the  «nmmefr  of  1875  I  enjoyed,  throagh  the  kindness  of  Mr. 
Alex.  Agassis,  the  privilege  of  spending  several  ninths  at  his 
marine  laboratory  at  Newport,  R.  I.,  and  as  specimens  of  Salpa 
were  very  abundant,  I  devoted  myself,  at  Mr.  Agassiz's  suggestion, 
and  with  liis  assistance,  to  the  study  of  their  development.  As 
the  result  of  my  invwti^tions  I  was  led  to  the  conclusion  that 
the  eggs  svlnc'li  undergo  development  inside  tlie  bodies  of  the 
chain  Saljw  oriijinate  in  an  ovary  contained  in  the  body  of  the 
solitary  Snlpn,  and  that  the  latter  is  thercloic  the  female  and  (lie 
chain  Salpa  a  male;  and  that  the  life-history  ot  Salpa  is  not  a 
case  of  alternation  of  generations.  As  this  was  my  first  etf'ort  in 
the  Held  of  marine  zoology,  I  should  perhaps  have  hesitated  to 
publish  a  view  so  directly  opposed  to  the  conclusions  of  the  many 
ftmoos  natonalistB  who  have  contributed  to  our  knowledge  of 
Saiga;  but  as  I  was  able  to  sabmit  most  of  my  apedmens  to  Mr. 
Agassiz's  examination,  I  relied  upon  his  judgment,  and  published 
my  resnlts  in  a  paper  on  '*The  Development  of  Salpa"  In  the 
Bulletin  of  the  Museum  of  Com|iarative  Zoology,  No.  14. 

In  this  paper  J  showed  that  the  eggs  of  the  chain  Salpse  can  be 
traoed  back  to  a  club-shaped  ovary  whi6h  lies  inside  the  stolon  of 
the  solitary  Salpa,  and  which  is  present  before  the  constrictions 
appear  on  the  walls  of  the  stolon,  to  mark  olf  the  bodies  of  the 
chain  Salpa  ;  and  on  pages  335-387  I  rave  the  following;  summary 
of  the  subject:  *'  Since  the  chain  Salpa,  at  birtli,  always  eontaijis 
a  single  unimpren:nate<l  egg,  f>r^anieally  conneettd  with  its  body, 
and  since  this  ♦'itt,      well  a>  tlie  r-esuhinir  enibrvo,  is  noiirishe<l 
by  the  blood  ol  the  chain  Salpa  i)v  means  of  a  true  placenta,  and 
since  no  reproductive  organs  have  lutherto  been  described  in  tlie 
solitary  Salpa,  it  seems  most  natural  to  accept  the  view  which 
lias  been  generally  held  since  the  time  of  Chamisso^s  famous 
paper ;  that  is,  that  Salpa  presents  an  instance  of  '  alternation  of 
generations.'    This  view,  in  its  most  modern  form,  may  be 
Mated  aa  follows:  '/<iafiow«aeCM/aoeiAa(  Me  rgmK^MO^or^o^ 
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are  found  only  tn  Uie  aggregated  indimdnriLH  of  Salpay  while  the 
solitary  individuaUf  tohicli  are  produced  from  the  fertilized  eg<jH,  Jinvej 
in  phwe  of  sexual  organs,  a  hud-siolon,  mid  reproduce  in  tJw  u  srrual 
tiianner  exclusively^  by  Uie  formation  of  buds.  Male  and  jcumle 
wgans  are^  as  far  OBweyd  Anoio,  united  in  the  Salp<£  in  one  indi- 
viduaL  The  SalptB  art  hmiiaphrodUeJ  (^Leu4skarL  Salpa  u,  Ver- 
wandun,  pp.  46,  47).  ' 

When,  however,  we  traoe  backward  the  history  of  one  of  the 
individuals  which  oompoae  a  ehatn,  and  find  that  the  egg  is  present 
at  all  stages  of  growth,  and  has  exactly  the  same  sixe  and  appear- 
aooe  as  at  the  time  when  it  is  impregnated :  when  we  find  one 
organ  after  another  disappearing  until  at  last  we  have  nothing  but 
a  faint  oonstriction  in  the  wall  of  the  tube,  indioating  what  is  to 
become  the  animal,  the  conolosion  seems  irresistible,  that  the  ani- 
mal, which  has  as  yet  no  ezistenoe,  oannot  be  the  parent  of  the  egg 
which  is  already  fully  formed. 

**Tlie  lile-history  of  Salpa  may  then  be  stated  briefly  as  follows: 

**Tlie  soliiary  i!Sulpa  —  female  —  produces  a  chain  of  males  by 
budding,  and  discharges  an  egg  into  each  of  these  before  birtli. 

"The  eggf>  are  impregnated  while  the  zooids  of  the  chain  are 
very  small  and  sexually  immature,  and  they  develop  into  females 
which  give  rise  to  other  males  in  the  same  way. 

"Since  both  forms  are  the  ottspring  of  the  female,  the  one  by 
budding  and  the  other  by  true  sexual  reproduction,  we  have  not 
an  iostance  of  '  alternation  of  generations/  but  a  very  remarkable 
difiference  in  the  form  and  mode  of  origin  of  the  sexes." 

After  I  had  finished  my  observations  and  while  I  was  writing 
my  paper,  Kowalevsky's  paper  on  the  development  of  Pyrosoma 
{ZetLf,  mm,  Zooi,,  1875)  was  published,  and  in  this  he  also  states 
that  the  eggs  of  Selpa  arise  in  an  ovary  which  is  contained  in  the 
body  of  the  solitary  Salpa.  **  Bei  den  Salpen  giebt  es  bekanutlich 
xwei  Glenerationen,  in  der  einen  entwickelt  sich  der  aus  vielen 
Eikeimen  bestehende  Eieretock^  welcher  in  der  Stolo  hineingeht, 
und  sich  hier  zu  je  einem  cinzigen  Eie  vertheilt,  sodann  die  einzelneu 
Knospen-  resp.  Ketten-Salpen,  in  welohen  weiter  aus  diesem  Kie 
ein  Embryo  entsteht,  wieder  mit  einem  aus  mehreren  Eikeimen 
bestehenden  Eiersiock."  Kowalevsky  fails,  however,  to  perceive 
that  the  origin  of  the  eggs  in  the  l)ody  of  the  solitary  Salpa  ren- 
ders this  a  female,  as  he  goes  on  to  say:  *•  Bei  Pyrosoma  eathalt 
jede  Koobpe  auch  wie  die  Kettensalpe  das  einsige  grosse  £1  sur 
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unmittelbarcn  geschWht lichen  Vermehrunjr,  "ihI  wie  die  Salpen- 
Amme  den  Eicrstock  riiit  vieien  Kikeimea  zur  Bildaog  der  Ge- 
9chlechUorgane  der  kiinftigen  Knospen/' 

If  Kowaievsky's  statement  and  my  own^  that  the  eggfl  originate 
in  the  body  of  the  solitary  Salpa,  arc  based  upon  sound  observa- 
tion, I  do  not  see  how  my  ooncluaios  that  the  solitary  8alpa  is  a 
female  can  be  rejected,  for  that  animal  in  which  the  eggs  first 
appear,  as  egg;s,  is  certainly  their  mother;  but  soon  after  my  paper 
appeared  Salensky  poblished  three  very  thorough  and  exhaustive 
papers  on  the  development  of  Salpa,  '*Ueber  die  Entwickelungs- 
geschichte  der  Salpen,"  Zeit.  f.  wiss.  ZooL,  XXVIT,  pp.  179-237, 
Taf.  XIV-XVl;  "Die  Knaspung  der  Salpen,"  Morph.  Jahr- 
bnch,  111,  4,  and  "  [Jcber  die  Entwickelung  der  Huden  und  Qber 
den  Generalionjjvveclifef  1  (k  r  Salpen,"  Zeit.  f.  wiss.  Zool.,  XXX, 
275-293,  Taf.  XllI,  and  In  tlies*^  \w  saysi  that  Kowalt  v:-!- v  and  I 
are  wron^  in  our  statement  tliaL  iho  <'»:<rs  do  ()?-iu:iiiate,  u.s  eu;^-,  in 
the  solitary  Salpa,     IIo  acknowlodizicH  that  the  cirLT-cclls  can  be 
traced  back  to  a  niafes  ot"  cells  at  the  base  of  the  stolon,  but  he 
claims  that  they  do  not  become  eggs  until  they  pass  into  the  bodies 
of  the  chain  Salpa ;  that  what  I  have  called  the  ovary  is  not  an 
ovary  at  all,  but  simply  a  mass  of  undiiferentiate<l  embryonic  cells, 
which  gives  rise  to  the  ovaries  of  the  chain  Salpa  and  also  to  their 
digestive  organs. 

This  discrepancy  between  his  observations  and  my  own  has 
rendered  roe  very  desirous  of  an  op|K>rtunity  to  go  over  the  ground 
ODoe  more,  to  re-examine  the  subject  for  myself.  For  several 
years  I  have  been  unable  to  do  so,  but  Isst  summer  I  requested 
Professor  Baird  to  try  to  obtain  specimens  of  Salpa  for  me,  and  at 
his  rccjucst  Professor  ^'crrill  collected  a  supply  of  specimens  of  a 
very  large  new  8pe<"ics,  oil"  Nantucket  Island.  Hrv^c  were  care- 
fully preserved  lor  hiftoloirjeal  work,  liy  Prof.  Lee,  and  w»  rc  sent  to 
tne  in  the  fall.  1  fouml  that  thcv  were  in  excellent  cund  i  i  i  for 
microscopic  work,  and  I  very  auun  obtained  trausversc  sections 
through  the  base  of  a  very  young  stolon,  showing  fully  developed 
ovarian  eggs  in  Salensky's  "  eododerm." 

Xbe  great  size  and  perfect  preservation  of  the  specimens  enabled 
me  to  obtain  sections  which  have  the  greatest  possible  clearness, 
and  I  soon  found  that  while  Salensky's  figures  give  the  geneml 
anatomy  of  the  stolon  as  shown  in  transverse  sections,  longitudi- 
nal sections  show  that  bis  account  is  very  far  from  complete^  and 
22 
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is,  in  some  very  important  Stores,  tncorreet.  I  therefore  at- 
tempted to  traoe  anew  the  whole  history  of  the  chain  Salpa.  This 
involved  the  preparation  of  several  thoasand  sections,  and  as  it 
was  of  the  greatest  importance  that  every  section  should  be  per^ 
fecty  Dr.  I.  Hermann^  of  Baltimore,  very  kindly  consented  to  stain 
and  imbed  the  specimens  for  me,  by  his  process,  and  then,  with  the 
greatest  patience  and  interest  in  the  work,  to  cut  and  mount  the 
net'c.^sary  sections.  I  accordingly  now  have  the  material  for  a 
very  thorough  description  of  the  .stolon  and  of  the  formation  of 
the  chain  Salpu,  but  as  the  preparation  of  a  fully  illustrated  paper 
will  require  considerable  time,  I  h  ivr  prepared  this  account  of 
those  ot"  my  observations  whicli  beui  upon  the  origin  of  the  eggS| 
and  upon  the  question  of  alternation. 

Salensky  has  given  a  very  complete  and  clear  statement  of  the 
point  at  issue,  and  I  will  ([uote  it,  in  full,  as  an  iutroductiou  to  the 
description  of  the  figures. 

"Naclidem  wir  chen  die  Enlsvickehmg  der  Sal]>enhoden  kennen 
gelernt  habeu,  koitiun  wir  nun  auf  Grund  der  hier  auseinander- 
gesetzten  Thati?aclien,  sowie  deren,  welehe  von  mir  an  einem 
anderen  Orte  iiber  die  Entwickelung  des  Eierstocks  mitgetheilt 
worden,  zur  Discus.<ion  der  Frage  iibcrgchen :  gehort  die  Ent- 
wickelung der  Salpon  /um  Typus  des  (jetieratlonswechsels,  oder 
rnuss  dieselbe  an  irgend  eiae  andere  Fortpflanzungsart  nnj^ereiht 
werden  ?  Bevor  wir  aber  zur  Kritik  der  duriiber  bcstehenden 
Meinungcn  schreitcn,  mfi^sen  wir  darauf  Acht  geben,  dass  bei  der 
Knospuug  der  SSalpen  einige  Eigenthiimlichkeiten  vorkommeD, 
welche  der  Salpenfortpflanzung  einen  gauz  besonderen  Character 
gebeo.  Das  W'esentlichste  von  diesen  Eigenthumiichkeiten  bestebt 
in  der  sehr  iriii)zeitigen  Entwicklung  der  Eier  !n  der  Salpen- 
Knospe;  es  ist  bekannC,  dass  jede  Xettensalpe  noch  lange  bevor 
die  Kette  vora  Mutterindividuum  sich  lostrennt,  ein  Ei  bekommt, 
welciies  bereiis  in  einem  ziemlich  reifen  Zustaude  vorhandeu  ist. 
In  keinem  der  bekannten  Fiille  des  Generationswechsels  trelTen 
wir  eine  so  friihseitige  Entwicklung  der  Geschlecbtsproducte,  und 
diescr  Umstand  hat,  wie  es  scheint,  als  Beweggrund  fur  die  An- 
nahme  gedient,  dass  die  solitaren  Salpen,  welche  man  bisher  als 
ungcschlechtliche  Fornien  betrachtet  hat,  weibliche  Individuen 
sind,  dass  sie  aber  ihre  Eier  in  die  von  ibnen  selbst  prodncirten 
Kettensalpen  ablegcn.  let  diese  Annahme  richtig,  so  muss  die 
Fortpflanzung  der  Salpen  nicht  als  ein  Fall  dee  (jeneralions- 
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wechaelSy  sondern  als  eine  ganz  besoodere  Fortpflanzungseri^chei- 
nnng  belmchtet  werdeo.  Solche  Meinung  wurde  von  Brooks  in 
geiuen  von  nilr  schon  mebrmalA  citirteo  Aufsatzen  fiber  die  £nt- 
wicklung  der  Sal  pen  auagesptfochen. 

*'Nach  der  Meinang  von  Brooka  Bat  die  Fortpfianzung  der 
Salpen  eine  Analogie  mit  der  der  Bienen ;  er  fiudet  dieae  Analogie 
in  der  Art  der  Entwicklung  der  Geaohlechter  bei  dieaen  beiden 
Thiergrappcn. 

"  Wenn  man  aelbet  mit  Brooks  darin  fiberelnatimmt,  da«  die 
eolitaren  Salpen  weiblicbe,  die  Eettensalpen  roannliche  Individuen 

darstellen,  so  kann  man  diese  Analogic  nur  insofern  bestehen 
lasseii,  (lass  die  Kettetisalpfn,  wio  die  niuiiidichen  Bienen,  olme 
Bel ruclituug  durch  nriire.sclilt't'htliche  Vcrriielirung  ent^tchen,  uiili- 
rend  dip  solitiiren  Salpen,  wie  dii    \riblichen  Bienen,  aiis  dem 
bef'rue  lileien  Ei  sieh  entwiekeln.    M  citcr  <;eht  die  Analogie  nicht, 
und  der  wesentlichste  Piiiiet  der  Salpen verrnehrnng,  namcntlich 
das  hypothetische  Ablegeu  der  Eier  von  solitiiren  Salpen  in  die 
m&nnlichen  Kettensalpen,  bleibt  ohnedem  ganz  isolirt,  denn  im 
ganzen  Thierreich  treU'en  wir  kcine  deni  analogc  Fortpflancungs- 
erscbeinungen*    Wo  finden  wir  in  der  Tbat  eine  Vermebrung,  bei 
welcber  eine  g^blecbtlicbe  Form  ibre  Eier  in  die  Koospen^ 
welcfae  aie  aelbet  prq^acirt,  ablege?  Urn  eine  derartige  Fortpflan- 
zungsweifie  f  fir  die  Salpen  anzalaasen,  muaste  man  anerat  beweiaen^ 
dasadieaolitaren  Salpen  wirklich  die  Eierstdcke  oder  deren  Homo- 
•  logon  beaitsen^  und  daae  die  Eier  der  Kettensalpen  ana  diesen 
£ierat5cken  entatehen*    Diea  worde  durch  keine  Unterauchu  ng 
bewiesen.   Brooka  beatrebt  aicb  an  beweisen,  daas  bei  den  Asci- 
dien  einige  den  bei  Sal[)en  vorkommenden  analop:e  Fortpflan- 
zunfT^erselieinmigen  sieh  linden,  und  duss  die  Eier  dieser  Thicre 
genau  m  derselben  Wei  He,  wie  er  es  fur  die  iialpen  angi('l)t,  von 
einer  Generation  ia  die  andere  nl)er<^elien.    Er  fas^t  dan'iber  Fol- 
gendes:  *DieZuoiden  der  ineisten  J'nnieaten  f-ind  berniapliroilitisch 
und  eiitwiekeln  Eier  an.s  ilireni  ei;^eni  n  Ovarium,  aber,  wenigstens 
bei  Fyrosonia,  Feropbora,  Didemniuni  und  Amauriciuin,  ist  daa 
welcbes  die  Befrucbtung  und  Entwickclung  in  dem  Kdrper 
des  Zooids  erfabrt^  nicbt  aus  dem  eigenen  Ovarium,  sondern  von 
dean  der  vorheigebendcn  Generation,  und  die  Eier»  welcbe  itn 
TTfirper  der  zweiten  Generation  erzeugt  wcrden^  mfiaaen  in  die 
Korper  der  Zooiden  der  dritten  (xeneration  iibergehen,  bevor  sie 
befruchtet  weiden  konnen'  {AreLf.  Naturg,,  1876,  Heib  3,  p.  358). 
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"Ehe  ich  aaf  eioe  Behandliing  der  von  Brooks  angefiihrten 
Ascidien  weitcr  eingehe,  will  icii  hier  einige  fiemerkuQgen  uber 
die  Analogie  der  Eiitwicklung  der  Salpen  tmd  Ascidien  ini  Allge- 
oieinen  vomuaschicken.  Die  Anal(%ie,  Mt  lclie  haaptBachlich  die 
Kno^pongBerecheinUDgen  dieser  beiden  TunioateDgrappea  betrifit, 
warde  von  air  In  meiner  friiher  cittrten  8chrift  'uber  die  Knoe- 
pung  der  Salpen'  beruckstchtigt  8ie  besteht  meiner  Meinung 
nach  darin^dass  an  der  Biiduiig  des  Keimstocks  oder  der  Stolonen 
der  Salpen,  so  gut  wie  der  Aacidien,  die  Derivate  aller  KeimblStter 
theilnehmen.  Diese  Analogte  wird  aber  bei  der  Bildnng  der 
Athcmhohle  dieser  beiden  Tunicatenordnuneen  wesentlirh  sref»tr>rt. 
Hci  den  Ascidien  bildet  s'n  h  <lie  Athomholile  als  cim;  uiimiuelbaie 
Fortsetzung  des  gkMciniaiuigen  Gebildes  de8  MiKtertliieres,  bei 
den  Suli>eo  eusteht  dieselbe  ans  einer  besonderen  Anlage,  welclie 
zugleich  als  Anlan^p  des  Eior.stocks  dient.  Bci  den  Salpen  giel>t  <»s 
keine  besondere  KierstockHaiilnjrr,  und  das  ist  ein  sehr  wesentlicluT 
Umstand,  welcher  den  Grundsatzen  der  Brooks'schen  Theorie 
widerspricht.  Wenn  der  Zcllenklumpen,  aus  welchen  die  Kier* 
stocke  und  die  Athemhohlen  der  Kettensalpen  entst^ihen,  nnrdie 
Aolage  des  £ier8tocks  darstellte,  so  konnte  man  denselben  unter 
gewiBKn  Umstiinden  als  Eierstock  der  Bolitiiren  Salpen  betraohteOi 
vorausgesetzt,  daas  er  bei  den  aolitaren  Salpen  im  anentwiekelten 
Zuatande  exiatirt  und  erst  in  der  Folge  der  Generation  reap,  bei 
den  Kettenaalpen  xur  vollen  Entwicklung  kommt;  man  konnte 
aua  dieaem  Grande  die  eolitare  Saipe  ffir  ein  weibliohea  Indivi- 
dnum  halten.  lat  ab«r  einmal  bewicaen,  daaa  im  Keinlatoek  der 
Salpen  keine  bcsondere  Eierstocksanlage  existirt,  so  konnen  wir 
den  Zellenklumpen,  welcher  nur  tlieilweise  in  den  Eierstock  der 
Kettensal|>eii  iibergcht,  nicht  uls  Eierstock  iKtrachten.  Bei  den 
Ascidien  ist  aber,  nach  den  An^aben  von  Kowalcvsky  u.  A.,  eine 
besondure  Eierstocksanlaire  vorliaiideii,  '»v«'lche  von  dtir  Anlage  der 
Athctnlxihlc'  vollkomriKMi  ditierent  i»U  l^as  ist  der  wescnth'chste 
Unterschied  in  tk-r  FortjiHanzungsgeschichte  beider  Tuniraten- 
gruppen,  welcher  geniigt,  um  zu  beweisen,  dass  das  Eierstocks- 
rohr  der  Aacidien  mit  dem  Entoderm  der  Salpen  nicht  homolog 
iat. 

'^Ans  allem  oben  Gesagten  kann  man  den  Schluss  Ziehen,  daas 
die  aolit&ren  Salpen  keiuen  Eierstock  beaitzen;  da  bei  ihoen 
gleichaeitig  kein  Hoden  nachweisbar  iat,  ao  konnen  dieaelben  ala 
Formen  der  ungeschlecbtHchen  Generation  betrachtet  werden. 
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*'Die  Annahnie  der  ongesohlechtUcheD  Natur  der  solituran 
Sslpen  kann  schon  allein  fur  die-  Anfrechthaltung  der  fri&hereD 
Theorie  des  GkneraHooawecfaaeU  geofigen,  welche  o^nbar  die 
anderen  Theorteo,  wie  is.  B.  die  von  Brooks  and  Todaro,  autn 
tcklicflst,  and  allein  die  Fortpflanzungsverhftltnisse  der  8ali>en  in 
riohtiger  Weiae  daritellt*'  (Saleoaky.  EniwuAltmg  der  Uodsa 
w^d  fiber  den  GtneraUontweehed  der  Halpen^  pp.  283-5). 

fialensky'n  earlier  paper  {Die  Krirmpunrf  der  Salpen)  contains  an 
excellent  account  ni'  the  general  anaioiuv  of  the  stolon,  so  fur  an  it 
can  l>o  made  out  from  transverse  sections,  but  lonj^itudinal  sections 
woiild  have  shown  him  that  tlie  diixp<«tive  tracts  ul  itie  cliain  Salpne 
appear  very  much  ejirli**r  than  he  states,  and  that  they  are  derived, 
not  from  his  "  endotlerm,"  but  alter  the  nnah)^ry  of  other  Tnni- 
cates  from  liia  Athemrobr/'  with  which,  at  lirst,  they  freely  com- 
municate. 

If  his  spec! mens  had  been  sufBeiently  well  preserved  to  admit 
of  the  examination  of  very  thin  Motions  with  high  powers  he 
would  have  found  also  that  his  "endoderm"  was  not  simply  an 
''Eientocksanlage"  of  embryonio  oells,  bat  a  true  ovary  with  fully 
developed  ova. 

In  support  of  these  statements  I  shall  now  desoribe  a  few  of  my 
own  sections.  * 
Figure  1,  is  a  transverse  section  of  the  Immo  of  a  very  small 

stolon,  and  repre^^nts  the  same  staji^  as  Salensky's  Figtire  3. 

Figure  2  is  a  similar  section  of  a  somewhat  older  stolon,  and  is  at 
about  the  same  9tn^c  as  Salensky's  Fierure  10. 

Tlie  stohm  from  which  this  section  was  cut  had  been  a  little 
twisted,  either  bv  it?  own  rnrvaiuit-  or  l)y  the  action  of  tlie  j)re- 
servinir  flni<l,  so  tliat  the  two  sides  are  not  symmetrical.  Fiirnre 
3.  is  a  transverse  i^cetion  of  an  ohler  and  Inr^or  -^loion,  nj)on  wliich 
the  constrictions  marking  olf  the  bodies  ot  the  chain  8alpa3  hnd 
been  formed,  and  it  corresponds  pretty  closely  to  Salensky's 
Figure  1*2.  Like  Figure  2  it  is  a  little  unsymmetrical.  Figure 
4  is  a  vertical  longitudinal  section  of  the  same  part  of  another 
stolon  at  the  same  stage,  giving,  as  it  passes  tlirough  the  bodies 
of  the  chain  Salp»,  what  is  equivalent  to  a  series  of  vertical 
sections  of  Figure  3,  along  the  numbered  lines.  That  is  the 
line  1-2,  in  Figure  4,  shows  what  would  be  seen  in  a  section 
of  f*ignre  3,  per[>endicular  to  the  plane  of  the  paper  on  the 
line  1-2.   The  line  3-4^  in  Figure  4^  shows^  in  the  same  way, 
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what  we  should  have  in  a  section  of  Figure  3|  along  the  line 
3-4,  aiul  so  on. 

Fig:ine  o,  is  a  liiglily  mapnified  view  of  a  fragment  of  a  section 
through  the  ovary  /*,  of  Figure  1,  and  Figure  6  ia  a  longitiulinal 
eec'tiou  throuj2;h  the  ovary  of  another  stoiuu  :  tlie  portion  crossed 
by  the  line  1,  heinfj  of  nearly  the  same  age  as  tiie  ovary  /*,  of 
Figure  1  ;  the  jKirt  crossed  by  tiie  line  2,  ol' about  the  same  age  as 
the  ovary  of  Figure  2,  and  that  crossed  by  the  line  3,  of  about  the 
same  ago  as  that  of  Figure  3. 

in  all  tlie  tigurt^,  a,  is  the  outer  wall  or  eetoderm  of  the  stolon 
or  of  the  chain  8alpfc;  6,  is  the  nerve  tube,  the  Nervenrohr,  N,  of 
Salensky's  figures  and  the  tube  y'  of  Figure  28  of  my  hrst  paper. 
1  there  spoke  of  it  as  a  second  ovary,  but  my  sections,  as  well  as 
those  of  Salensky  show  that  this  was  an  error:  c  and  ^  are  the 
sinus  tubes  1,1,  of  Figure  28  of  my  first  paper,  Salensky^s  Blut- 
raurae,"  Br.  They  seem  to  have  been  overlooked  by  Kowalevsky ; 
</,  is  the  "central  tube,"  Figure  28,  2,  of  my  fust  paper,  Salensky *8 
"Athemrohr/'  -4r,  and  apparently  Kowalevsky's  "Darmrohr"; 
e  and  /  are  its  thin  upper  and  lower  walls ;  A,  is  the  ovary,  the 
"ovary  of  Figure  28  of  my  first  paper;  Salensky's  "en- 
doderra  Euy^  and  Kowalevsky 's  "  Eierstocksrohr " ;  i,  t,  the 
"thickened  edges  3,  of  inner  tube''  of  my  original  Figure  28^ 
the  "Mesoderm  Ms"  of  Salensky,  and  the  " Kloakalrobren "  of 
Kowalevsky. 

The  greater  part  of  the  ovary  h  of  Figure  1,  is  made  up  of  a 
granular  ground-work  in  which  are  numerous  transparent  ovvidal 
nucleated  bodies,  which  at  first  sight  appear  to  be  cells.  In  Sa- 
lensky's Figures  3,  4  and  7,  they  are  represented  as  a  compact 
mass  of  cells,  in  contact  with  each  other,  and  at  first  sight  they  do 
appear  to  cover  the  whole  surface  of  the  section,  but  more  careful 
examination  with  a  high  power  shows  that  only  a  few  of  them  lie 
in  the  plane  of  the  section  and  that  these  are  widely  separated  by 
the  granular  substance,  while  between  them,  others  at  a  lower  level 
are  seen  through  this  substance.  As  it  is  very  difficult  to  represent, 
at  the  same  time,  transparency  and  obscurity  of  outline,  in  black 
pen  drawing  for  reproduction  by  photo-lithography,  I  have  only 
drawn,  in  Figure  1,  those  which  were  in  the  plane  of  the  section. 
Between  them  there  are  very  faint  straight  lines,  mapping  out  the 
granular  subslanoe  into  polygonal  areas,  with  one  of  the  transpa* 
rent  bodies  near  the  centre  of  each.    When  a  very  thin  section  is 
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exaniiind  with  a  hitrh  iMwor,  Fi;j;ure  5,  ea»'h  of  tlie  oval  trans- 
j)areiit  bodies  is  seen  to  be  a  germinative  vesicle,  with  a  uucieolus 
sufejwncled  in  its  cavity  by  a  protophisniie  reticnltim  of  fine 
branching  threads;  and  surronnded  by  a  granular  layer  of  yolk 
whicli  is  rendered  angular  and  polygonal  by  the  pre.«snre  of  adja- 
cent eggs.  I  have  obtained  a  complete  series  of  sections  sliowing 
the  eggs  at  every  stage,  from  the  one  just  describecl,  up  to  the  time 
when  the  single  eggs  are  attachefl,  by  their  gubernacula,  to  the 
wall  of  the  branchial  sac  of  the  chain  Sal  pa,  and  no  one  who  ex- 
amines the  series,  can  doubt  for  an  instant  that  the  bodies  in  Figure 
1,  not  only  develop  into  eggs,  but  that  they  are  actually  cggB, 
difieriog  very  slightly  from  the  mat  n  re  egg. 

As  we  pB88  along  the  stolon,  we  find  that  the  germinative  vesicle 
beoomea  a  very  little  larger,  the  yolk  grows  more  abundant  and 
the  outline  of  each  egg  becomes  more  distinct  and  spherical,  but 
tliese  slight  changes  are  all,  and  before  any  traces  of  constrictiooa 
appear  on  the  siir&ce  of  the  stolon  they  have  their  mature  form. 
The  ovary  is  surrounded  by  a  layer  of  epithelial  cells  ^vhich  are 
thin  and  flattened  at  the  sides,  as  shown  at  m  in  Figure  5,  while 
at  the  point  where  the  ovary  touches  the  ectoderm  they  form  a 
thicker  layer,  Figure  6,  m,  which  however,  is  only  one  cell  deep. 
This  layer  gradually  increases  in  thickness,  as  shown  in  Figures  2 
and  3,  and  when  the  constrictiouR  appearand  mark  off  the  bodies  of 
the  chain  Salpo;  it  becomes  folded  into  a  series  of  pouches,  which 
form  the  egg  follicles,  the  so^llcd  ovaries  of  the  chain  Salpss, 
These  poaches  are  what  Salensky  has  wrongly  interpreted  as  the 
developing  digestive  tracts  of  the  chain  Salp»,  hut  we  shall  see 
farther  on  that  the  digestive  tracts  follow  the  analc^  of  the  other 
Tunicates  and  are  developed  from  the  walls  of  the  large  central 
chamber  of  the  stolon.  Figure  1,  Salensky's  Athemrohr.  Near 
the  internal  surface  of  the  ovary  the  epithelial  layer  changes  its 
character,  as  shown  at  m,  in  Figure  5  and  6,  and  on  a  smaller 
scale  at  the  top  of  A,  in  Figures  1  and  3.  It  becomes  several  cells 
thick,  and  the  cells  become  oval,  transparent,  with  conspicuous 
nuclei,  and  they  resemble  the  germinative  vesicles  of  the  ova- 
rian eggs  in  general  appearance  except  that  they  'are  smaller. 
Figure  3  and  n  of  Figure  6,  show  that  this  layer  gradually  dis- 
appears as  we  pass  towards  the  free  end  of  the  stolon,  and  when 
the  constrietiofui  appear  it  is  very  thin  or  absent.  Figure  1, 7i, 
shows  that  the  eggs  nearest  the  internal  edge  of  the  ovary  arc 
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smaller  than  those  near  its  outer  end,  and  this  Act,  together  with 
the  fact  that  the  layer  n,  is  thickest  at  the  base  of  the  stolon^  and 
gradually  disappears  towards  the  free  end,  seem  to  show  conclu- 
sively that  ft  IS  the  germinal  epithelium,  the  odls  of  which  become 
converted  into  eggs,  which  form  a  compact  mass  entirely  filling 
the  lumen  of  the  organ. 

Full  force  cannot  be  i^ivcii  to  the  evidence  without  figuring  the 
eggs  at  all  st^cs  up  to  tiio  time  when  the  Salpa  chain  is  discharged 
from  the  body  of  the  solitary  Salpa,  but  I  trust  that  the  sections 
which  I  iiuve  figured  and  dc»cribe»i  are  enough  to  show  con- 
clusively that  the  body,  A,  of  Figure  1,  is  not  an  "  Eierstock- 
sanlage'^  but* a  true  ovary,  and  that  tlie  ct;ll-«,  o,  Figure  5,  are  not 
undifferentiated  embryonic  entioderni  cells,  but  ova.  As  no  one 
has  ever  claimed  that  the  so-called  ovary  of  the  chain  Salpa  gives 
rise  to  eggs,  or  ever  contain>  more  tliau  a  sinjijle  ejr^,  and  as  the 
single  egg  which  it  does  contain,  is  present,  not  as  an  enibiyonic 
cell,  but  as  an  eijg,  in  the  ovary  of  the  solitary  Salpa,  belbrc  the 
chain  Salpn  i  >  ines  into  existence,  T  do  not  see  Imw  it  is  possible  to 
refuse  to  accept  the  conclusion  that  the  solitary  Salpa  is  the  true 
female,  even  if  it  were  true  that  the  ovary  does  also  give  rise  to 
the  digestive  organs  of  the  chain  Salpa^,  but  this  is  not  the  case. 

Figure  3  is  a  transverse  section  of  a  stolon  on  the  sides  of  which 
the  constrictions  are  just  beginning  to  appear.  It  is  at  almost 
exactly  the  same  stage  as  Saleosky's  Figure  12,  although  there  are 
slight  differences,  which  are  no  doubt  due  to  the  fact  that  the  two 
sections  are  not  from  the  same  species.  The  most  conspicuous 
difierenoe  is  due  to  tiie  fact  that  the  central  tube|  Figure  3,  is 
widely  open,  while  in  Sajeusky's  Figure  12,  \\<  up|>er  and  lower 
surfaces  are  almost  in  contact  and  the  cavity,  Ar,  is  nearly  ob- 
literated. 

The  sides  of  tlie  stolon  are  formed  by  two  thickened  masses, 
^  A,  )i'hich,  according  to  Saleosky  are  masses  of  mesoderm  cells, 
Figure  12,  Jis.  In  transverse  sections  they  do  have  much  the 
appearance  shown  in  his  figure,  but  very  careful  examination  of  a 
favorable  section  will  show  traces  of  a  central  cavity,  shown  on  the 
left  in  Figure  3,  opening  into  the  central  cavitr  or  "  Athemrohr,''  <f. 
Longitudinal  sections  of  the  stolon  show  that,  far  from  being  an 
unorganized  mass  of  mesoderm  cells,  the  body,  actually  has  a 
very  complicated  structure,  and  consists  of  a  series  of  fiat  pouches, 
the  digestive  tracts  of  the  chain  Sal  pee,  which  open  into  the  central 
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tnbe,  d,  and  wbich  are  separated  from  each  other  bj  tnibldings  of 
the  OQter  wall  or  eetoderm  of  the  atoIoD. 

These  poaches  are  flattened  so  that  it  is  almost  impossible  to 
study  them  in  transverse  sections,  but  through  the  skill  of  Dr. 
Hermann  I  have  been  able  to  get  a  complete  series  of  sections 
through  the  stajre  of  Figure  3,  in  a  vertical  plane,  perpeudicular  to 
the  paper.  It  is  liot  necessary  to  figure  all  these  sections  for  all 
the  points  are  shown  in  a  single  longitudinal  section.  A  lonp:i- 
tudinal  section  passes,  of  course,  through  the  bodies  of  a  wliole 
series  of  chain  8a]p{ii,  and  as  the  stolon  is  always  more  or  less 
curved,  such  a  section  will  not  follow  its  central  axis,  but  will  cut 
the  bodies  of  the  chain  Salpte  at  diflerent  distances  from  tiie  centre, 
and  it  is  plain  that  a  section  passing  very  obliquely  through  the 
stolon  from  one  side  to  the  other,  would  give,  on  each  side  of  the 
central  axis,  what  would  be,  in  effect,  a  series  of  parallel  and  con- 
secutive sections  of  the  IkmIv  of  a  single  chain  Salpa,  although 
actually,  no  two  of  tlit sc  ctions  would  pass  through  the  body  of 
the  same  individual.  Ilali  of  such  a  section  is  shown  in  Figure 
4,  and  the  vertical  numbered  lines  indicate  the  axis  of  sections  in 
the  planes  of  the  numbered  lines  of  Figure  3. 

Along  the  line  1-2  we  have  tirst  the  ectoderm  a  of  Figure  3; 
then  the  upper  blood-tube  c;  then  the  upper  wall  e  of  the  central 
tube  or  "Athemrohr;"  then  the  cavity  d  of  this  tube;  then  its 
lower  wall  /,  and  the  lower  blood-tube  gj  nearly  filled  by  the 
oyaiy  A,  which  is  made  up,  as  in  the  transTerse  section  Figure  3, 
of  an  internal  germinal  epithelium,  a  mass  of  eggs,  and  a  periph- 
eral lajer  of  epithelial  cells.  Along  the  line  3-4  we  have  the 
same  structures  in  the  same  order,  but  we  also  have  at  the  top  of 
the  figure  a  section  of  the  nerve-tube  6.  As  this  is  now  broken 
Dp,  by  the  cqostrictions,  into  a  series  of  chambers,  it  appears  as  a 
tube,  in  longitudinal  as  well  as  in  transverse  sections.  Near  the 
middle  of  the  central  tube  d  we  also  have  a  small  slice  from  the 
edge  of  the  mass  k  of  Figure  3,  Salensky's  mesoderm.  Along 
the  line  6-6  we  have  the  ectoderm  a,  the  nerve-tube  h  and  the 
blood-tube  o  at  the  top  of  the  figure,  but  below  the  latter  we  have, 
in  place  of  the  central  tube  d,  a  section  through  the  base  of  the 
mass  k,  and  this  Is  now  seen  to  consist  of  a  central  cavity  p,  which 
opens  into  the  tube  d,  and  is  bounded  on  each  side  hy  a  single 
layer  of  endoderm  cells,  which  are  continuous,  around  the  edges 
of  the  opening,  with  the  walls  of  the  central  tube.  AJong  the 
23 
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line  7-8  we  have  this  digestive  pouch  p  as  before,  but  between  it 
and  the  pouch  of  the  next  ohain  8alpa  we  have  a  fold  of  ecto- 
derm, and  between  this  and  one  side  of  the  digestive  poncb,  a 
section  of  a  stmeture,  «,  which  is,  in  all  profaabilit^,  a  portion  of 
the  doaoal  tube  t  of  Figores  1  and  2»  Along  the  line  9-10  and 
the  line  11-12,  we  have  the  same  straetnres,  bnt  the  bodies  of 
adjacent  ohain  Salpn  are  more  perfectly  separated  from  each  other 
than  they  are  nearer  the  axis  of  the  stolon. 

We  have  obtained  hnndrsds  of  sections  similar  to  the  one  shown 
in  Figure  4,  and  the  presence  of  the  digestive  pouches  at  the  stage 
ghowii  ill  Figure  3,  and  their  comniunicatioii  with  the  central  tube, 
are  points  upon  which  there  can  be  no  doubt. 

Some  of  tiie  sections  show  these  points  even  more  clearly  than 
FiL^iiie  4,  and  the  only  reason  for  selectiiiu':  tlii-^  st  t  tiou  is  that  the 
stolon  from  wliich  it  was  cut  was  distoitetl  almost  exactly  like 
Figure  3,  so  that  3  and  4  not  only  resemble  each  other  in  general 
structure,  but  in  more  minute  features  as  well. 

In  the  passage  which  has  been  quoted,  Salensky  says,  that  if 
the  Eierstocksanlage''  did  not  also  give  rise  to  the  digestive 
tracts  of  the  chain  Salpse,  and  if  it  contained  true  ^gs,  instead  of 
€gg  cells,  the  solitary  Salpa  might  properly  be  regarded  as  a 
female,  and  as  I  have  shown  that  the  digestive  organs  are  really 
formed  from  the  central  tube,  while  the  ovary  does  contain  trge 
eggs,  I  think  that  the  female  nature  of  the  solitary  Salpa  may  be 
regarded  as  proven,  and  that  we  most  conclude  that  we  have  In 
Sal^ya  not  a  case  of  the  alternation  of  an  asexual  with  an  herma- 
phrodite sexual  generation,  but  simply  a  great  and  very  anomalous 
difference  in  the  form  and  origin  of  the  sex^. 

While  wriliiig  this  l  aptr  I  have  received  two  papers  on  the 
developfuent  of  Salpa  (Aeue  Untei-nucliungen  iiber  <iie  ernbiyonaie 
I^ntwirhclufif/  der  Salpen,  Vorldnfif/e  Mittheilung,  von  Prof,  W, 
Saleru*/cy.  Zool.  Anzcigcr,  No.  97  u.  98,  Nov.  28th,  18ai,  and 
Mimoire  9ur  lea  membranes  etnbryonnaires  des  tkUpeSf  par  U  Dr.  J, 
Barrois.  Journal  de  1' Anatomic  et  de  la  PhysioloLne,  Dec.  28th, 
1881 ),  but  as  neither  author  treats  of  the  origin  of  the  chain  Salpa 
or  of  the  eggs,  I  have  made  no  reference  to  them. 

Baltiuork,  Janutiry  27th,  1882 
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EXPLANATION  OF  PLATE  XXIY. 

AU  the  figares  are  from  tlin  s^tolon  of  an  UDdeacribed  species  of 
Salpa,  from  the  Atlantic,  off  Nantucket  Island. 

The  reference  letters  'hfttre  the  foUowing  significance  in  all  the 
figures: 

a.   Onter  tube  of  stolon  or  ectoderm  of  chain  Salpe. 
6.    Nerve-tabe  or  ganglia  of  chain  Salpa. 

c.  Upper  blood-tnbe.  , 
tL   Central  tobe. 

e.  Upper  wall  of  central  tube. 
/.    Lower  wall  of  central  tube. 

f.  Lower  blood-tabe. 
h.  Ovary. 

t.     Cloacal  tabe. 

k.    Lateral  thickenings^  of  centra!  t  tihc  of  stolon  to  form  the  diges- 
tive cavities  of  tlie  chain  Salpffi. 
m.  Epithelium  of  ovary, 
n.    Germinal  epitheiiam  of  ovary. 

o.  Eggs, 

p.   Digestive  cavities  of  chain  Saipo;. 

FlQUBK  1.— Transverse  section  throogh  the  base  of  a  very  jonng 
stolon.   Zeiss,  D,  2. 

FiovBS  9.*— Transrerse  section  of  an  older  stolon,  a  little  fitrtber  from 
base.    Zeiss,  8. 

Figure  3. — Transverse  section  still  further  from  base. 

FiQUBK  4. — Half  of  an  oblique  vertical  section  through  Figure  3. 
Zeiss,  D,  2. 

FiauBi  5. — Fragment  of  a  very  thin  section  of  the  ovary  of  Figure  1. 
Zeiss,  F,  3, 

FiovRi  G. ^Longitudinal  section  of  the  ovary  of  a  young  stolon. 

The  line  1  passes  through  a  portion  which  is  in  nearly 
the  same  stage  as  A  of  Figure  I ;  the  line  2  through 
a  portion  lilie  Figure  2,  h,  and  the  line  8  through  a 
portion  like  Figure  3,  h. 
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OBSERVATIONS  ON  THE  MEAN  PRESSURE  AND 
THE  CHARACTERS  OP  THE  PULSE-WAVE  IN 
THE  CORONARY  ARTERIES  OF  THE  HEART. 
By  H.  NEWELL  MARTIN,  M.A.,M,D.,  D.Sc,  and  W.  T. 
SEDGWICK,  Ph.D.   With  I'lates XXV,  XXVI  aud  XXVIl. 

While  for  a  cbnaiderable  number  of  years  careful  studies  of  the 
blood-flow  in  varioTiB  arteries  of  the  mammalian  bodv  have  been 
made  under  ditiVrciit  conditions,  the  arteries  of  the  heart  itself 
have  remained  in  an  exceptional  position.  The  averaL-'e  pret^siire 
and  the  pulse  characters  in  them  have  ])een  unknown,  in  -pite  of 
the  recognized  fact  that  great  interest  and  importanco  belong  to 
their  study. 

The  following  pages  give  an  account  of  oxperimonts  under- 
taken with  the  object  of  gaining  some  knowledge  of  these  points, 
and  contiiiDy  we  believe,  a  description  of  the  first  successful 
attempt  to  record  graphically,  as  in  other  arteries,  the  blood- 
pressure  and  its  variatioDS  in  the  arteries  of  the  heart.  They 
were  begun  in  the  first  place  for  the  purpose  of  testing  the  theoiry 
of  Thebesius — ^a  theory  independently  propounded  and  warmly 
supported  in  recent  timee  by  BrQcke,  and  others,  concerning  the 
physiology  of  the  aortic  semilunar  valves.  According  to  this 
theory,  during  ventricular  systole  the  thin  flaps  of  the  valve  are 
pressed  upwards  and  cover  the  months  of  tlie  coronary  artorio?, 
completely  closing  them,  so  that  blood  can  enter  those  vcsseU 
only  during  the  time  of  ventricular  diastole,  and  durimr  that 
small  portion  of  tlie  systolic  peritMl  which  is  occupied  Ijy  the 
valve  in  travelling  from  its  diastolic  position  across  the  mouth  of 
the  aorta,  to  its  systolic  position  against  the  aortic  wall  and  over 
the  mouths  of  the  coronaries.  Observations  on  the  spirting  of 
blood  from  a  cut  coronary  artery  have  shown  this  to  be  synchro- 
nous with  systole  of  the  ventricle;  but  to  the  value  of  these 
observations  Brucke'  has  raised  two  objections.  First,  that 
merely  opening  the  pericardium  is  enough  to  destroy  the  normal 

1  YvdmMd^,  1881,  &  185. 
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action  of  the  heart  and  consequently  of  the  valve  under  consider* 
ation ;  and,  second,  even  supposing  it  does  not  thus  interfere, 
that  the  brief  period  before  the  valve*flap  closes  over  the  coronary 
(and  dnring  which  the  coronary  blood  mnst  share  the  rise  of 
aortic  pressure  dne  to  commencing  systole)  is  quite  sufficient  to 
cause  a  systolic  spirting,  eepccially  if  the  outflow  from  the  heart 
vessels  is  hindered  by  the  increasing  cardiac  contraction  eon* 
pressing  the  smaller  branches  in  the  heart  walls.  The  first 
objection  seems  to  us  trivial  when  only  a  small  slit  over  the 
artery  ib  made  in  the  pericardial  feac;  but  the  second  is  more 
formidable.  We  kmiw  that  in  the  firet  stage  of  the  sj'stole, 
before  the  valve  can  close  over  their  jnouths,  a  risic  of  preir-Miro 
must  take  place  in  the  coronary  trunks.  To  urge,  therefore, 
that  mere  observation  of  spirting  1'rom  the  cut  end  of  such  a 
trunk  can  settle  the  question,  is  to  claim  that  the  unaided  eye 
can  determine  whetlier  that  spirting  is  due  to  aortic  pressure 
lOxtending  all  through  the  cardiac  cycle,  or  to  the  same  pressure 
•exerted  only  in  the  early  portion  of  the  systolic  period.  Con- 
.•flidering  how  little  time  is  needed  for  a  complete  contraction, 
tOm  is  clearly  impossible.  Again,  with  our  previous  ignorance 
of  the  events  transpiring  in  the  cardiac  vessels,  and  with  no  ex- 
perimental evidence  of  increase  or  diminution  of  resistance  in 
the  smaller  twigs  durin^i^  the  systole,  it  is,  as  Brucke  urges, 
•quite  conceivable  that  some  spirting  might  occur  during  that 
period,  owing  to  the  simultaneous  effects  of  hindrance  to  the 
•outflow  and  of  increased  j^resstiro  exerted"  upon  the  vessels 
by  the  contracting  tissue.  In  a  case  like  this,  which  calls  for 
'accurate  observation  and  comparison,  the  graphical  metliod  is 
'the  only  satisfactory  one ;  and  aa  numerous  attempts  to  settle  the 
•question  at  stake,  based  on  other  methods,  have  given  rise  to 
.great  diversity  of  opinion,  we  set  to  work  to  obtain,  if  possible, 
simultaneous  records  of  the  blood-pressure  and  pulse-waves  in  the 
coronary  and  carotid  arteries. 

Although  the  opposite  view  has  from  time  to  time  been  uphold 
by  many  anatomists  and  physiologists,  neverthelese  Brucke  hsB 
-so  skilfhlly  defended  his  theory  that  it  is  accepted  by  many 
physiologists  to-day ;  we,  at  least,  prepared  for  our  experiments 
wilh  a  decided  leaning  toward  his  view,  and  began  work  in  the 
hope  of  establishing  it  more  lirmly.    The  results  of  our  iuvesti- 
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gstiony  howevery  have  forced  ns  to  believe  that  the  aemilnnar 
vaWes  do  not  act  as  BrQcke  snppoeea,  and  that  hts  theoij  is  no 
longer  tenable.   Apart,  however,  from  this  point,  we  venture  to 

believe  that  the  work  possesses  interest  of  its  own ;  and  that  the 

discovery  that  it  is  quite  posril)le  to  get  tracings  of  the  blood- 
pressure  in  the  arteries  of  the  dog's  heart,  lays  open  a  consider- 
able field  for  investigations  npon  the  niauiiniiliiin  heart  in  ireiieral 
— an  organ  which  has  hitherto  been  somewhat  battling  to  the 
physiulopst. 

Our  experiments  have  all  been  made  on  dogs  placed  under 
the  inflnence  of  a  fall,  or  rather  an  extreme,  dose  of  morphia— 
from  one  to  two  L^mm^  of  the  acetate  given  subcataneouBly  in 
watery  eolation.  While  thia  drng  greatly  slows  the  rospira* 
tionsy  and  somewhat  later,  to  a  certain  extent,  the  rate  of  the 
heart's  beat,  it  seems  in  no  way  to  impair  the  vitality  of  this 
organ ;  If  anything  it  appears  rather  to  increase  its  ea|>acity  for 
bearing  insnlt^^a  matter  deserving  of  further  investigation.  The 
animal  having  been  pnt  very  completely  under  the  influence  of 
tlio  drug,  tracheotomy  was  performed,  a  cannula  placed  in  one 
carotid  artery,  and  tlie  pneumogastric  nerve  of  the  tiame  side 
exposed  and  divided  so  that  its  peripheral  end  wais  ready  for 
stimulation. 

An  incipion  was  tlieii  made  in  the  middle  line  along  the 
manubrium  of  tlie  sternum;  the  muscles,  &c.,  were  dissected 
from  the  first  pair  of  costal  cartilages,  and  (the  apparatus  for 
artificial  respiration  having  been  connected  with  the  windpipe) 
the  cartilages  of  the  first  pair  of  ribs  and  the  bit  of  sternum 
between  them  were  removed,  thus  laying  bare  the  apex  of  the 
chest  cavity,  which  was  then  opened.  The  artificial  respiration 
was  now  stopped  fbr  a  few  seconds,  so  that  the  lungs  might 
collapse  and  thus  expose  on  each  side  the  internal  mammary 
artery,  running  along  the  exterior  of  the  mediastinum  and  the 
remnant  of  the  thymus,  to  the  ventral  aspect  of  the  chest  wall 
opposite  tlie  second  costal  cartilage.  Thp^e  arteries  having  been 
tied,  the  incision  along  the  middle  line  w.ir.  [trolonged  backwards 
aiid  the  skin  and  muscles  reflected  on  each  side  so  as  to  expose 
the  rib  eartibiores.  Tliis  operation  is  usually  Rcco]M])anied  by 
onlv  an  inconsiderable  venous  oozincT,  after  the  internal  mam- 
mary  arteries  have  been  secured  in  the  manner  just  men* 
tioned. 


7 

Digitized  by  Gopgle 


318    H.  NEWELL  MABTIS  AND  W.  T.  SEDGWICK. 


The  8teniiim  and  coetal  cartilages  wefo  then  remoTed,  care  of 
conne  being  taken  not  to  isjnre  the  lungs.  The  next  Btep  ie 
to  stitch  the  pericardimn  to  the  chest  wall  in  order  to  support 
the  heart  and  prsTent  its  receding  too  mnch  when  the  Inngs 

empty  during  expiration. 

Branches  of  the  coronary  arteij  can  now  be  aeen  through  the 
pericardinm,  and  a  window  is  so  cut  in  that  membrane  as  to 

expose  a  branch  which  seems  enitable,  while  all  the  rest  of  the 
Lt-art  remains  protected  and  supported  by  its  ?ac. 

So  Ikr  the  operative  procedured  are  tedious  hnt  present  no 
epecial  difiieultv;  but  to  lav  bare  the  coronarv  l^raiieli  and  to 
tlx  the  cannula  in  it  wliile  tlic  lieart  continnes  to  beat  is  much 
more  troublesome,  since  any  carelessness  in  these  operations  is 
apt  60  tar  to  injnre  the  heart  as  to  destroy  its  normal  beat  and 
throw  the  yentricles  into  incoordinate  fibrillar  contractions,  from 
which  we  hsw^  never  seen  them  recover.  The  success  of  the 
attempt  depends  largely  on  the  animal ;  in  the  most  favorable 
cases  the  left  ooronaty  arteiy,  alter  giving  off  its  transverse 
branch,  which  runs  along  the  anricnlo-ventricnlar  groove,  passea 
along  the  septum  ventriculoram  on  the  ventral  aspect  of  the 
heart,  and  gives  off  near  the  base  of  the  ventricle  a  considerable 
branch  to  the  right,  which  mns  with  a  vein  on  each  side  of  it, 
and  is  covered  only  by  the  visceral  layer  of  the  pericardium  and 
some  fat.  Into  thit*  ))ranch  the  cannula  is  inserted,  and  the 
blood  carried  by  the  main  trunk  and  its  remaining  branches 
servct^  pertectly  to  keep  the  heart  beatini^  vigorously  for  several 
hoiirs,  as  we  have  re}>eaiedly  found.  In  other  cases  the  artery 
does  not  give  oti"  this  one  main  branch,  but  (especially  in  large 
dogs)  runs  along  the  ventricles,  ^riving  off  small  twigs  right  and 
left  which  are  too  minute  for  the  convenient  introduction  of  a 
cannula,  and  are,  moreover,  .oilen  covered  by  a  tliin  layer  of  the 
musculature  of  the  heart  in  addition  to  the  pericardium.  This 
muscular  layer  adds  greatly  to  the  difficulty  of  successfully 
isolating  the  arteiy,  for  any  wound  to  the  proper  cardiac  snb- 
stance  about  the  vessels  seems  more  fatal  to  the  organ  than  any* 
thing  else.  Soon  after  such  an  injury  it  almost  invariably 
exhibits  periodic  beats  for. a  short  time,  and  then  the  ventricle 
passes  into  a  state  of  tibrillar  contraction.  Tiie  well-known  fact 
that  needles  may  be  thrust  into  many  parts  of  the  heart  without 
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essentially  inflaencing  its  boat  for  a  long  time,  inclines  ns  to  the 
belief  that  the  result  in  the  eases  to  'which  we  refer  is,  perhaps, 
due  to  the  injury  of  nerve  trunks  which  may  mn  in  the  heart 
near  its  arteries  and  which  are  torn  with  the  mnsele,  rather  than 
to  direct  injury  of  the  mnscular  substance;  bnt  we  have  not  yet 
had  an  opportunity  to  examine  this  point. 

A  suitable  eoronary  branch  having  been  found,  the  next  step 
is  the  most  difficult  in  the  operation,  viz.,  to  tear  through  the 
visceral  pericardium  over  the  artery  without  <^»ening  that  vessel 
ar  its  accompanying  veins ;  for  the  membrane  is  so  smooth  and 
tightly  stretched  that  it  is  not  easy  to  catch  hold  of;  and  then  so 
tough  that  it  is  difficult  to  penetrate.  Our  method  is  as  follows : 
All  being  ready,  the  pneumogastrie  trunk  is  stimulated  so  as  to 
stop  the  heart's  beat,  and  the  artificial  respiration  simultaneously 
suspended  so  as  to  avoid  movements  of  the  heart  due  to  con- 
tractions and  expansions  of  the  lunflrg.  With  a^arp-pointed 
pair  of  forceps  the  pericardium  over  the  artery  is  seized  and  a 
hole  torn  through  it  by  mcanft  of  a  needle;  once  thi^  aperture  is 
made  through  the  tough  membrane  without  injaring  any  of 
the  vessels,  the  rest  of  the  operation  i*^  comparatively  easy.  The 
stimulation  of  the  pneumogastrie  is  fitopped  and  the  artiticiai 
respiration  resumed  for  a  moment  or  two ;  then  the  heart-beat 
and  breathing  are  again  su&pended,  the  edii:e  of  the  hole  is  taken 
in  the  forceps  and  the  membrane  over  the  artery  slit  up  toward 
the  base  of  heart  by  a  very  fine-bla(ied  knit  '.  From  time  to 
time,  as  the  iieart  he<;ins  to  beat  in  spite  ot  Rtimulation  of  tlie 
pneumogastrie,  the  nerve  is  allowed  to  rest  and  the  respiration  i> 
resumed,  and  in  this  way  the  alternate  stimulation  and  rest  are 
repeated  as  often  as  may  be  ueceseary  in  order  to  ex]K)se  a  s\itli- 
cient  length  of  the  tatesy,  to  place  ligatures  around  it,  and  insert 
a  cannula  in  the  manner  adopted  for  any  other  artery.  The 
carotid  was  then  connected  with  one  mercury  manometer,  the 
coronary  branch  with  another,  and,  the  pens  being  arranged  so 
as  to  write  exactly  over  one  another,  tracings  were  taken  on  the 
kymographion. 

The  mode  of  connection  of  the  arteries  with  the  manometers 
demands  a  word.  In  the  first  place,  the  three  inches  of  the  arte- 
rial end  of  the  connecting  tube  between  the  coronary  and  its 
manometer  consist  of  highly  flexible  rubber  tubing.   This,  no 
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doubt,  slightly  modifies  the  piilse-wavcs  on  the  tracing,  but  it 
gives  to  the  heart  free  play  during  each  beat,  since  the  flexible 
tube  offers  no  restraint,  but  yields  readily.  This  soft  tubing  is 
succeeded  by  a  glass  tube,  which  is  firmly  held  by  a  solid  support, 
so  that  no  locomotion  of  the  tubing  occurs  beyond  this  point. 

HoTcmeut  of  the  bit  of  flexible  tubing  attached  to  the  cannula 
does  slightly  alter  the  level  of  mercury  in  the  manometer,  but,  as 
we  have  satisfied  ourselves  by  careAil  examination,  causes  no 
feature  in  the  tracing  which  can  bo  mistaken  for  a  pulse-wave. 
Beyond  the  piece  of  glass  tubing  mentioned  above,  the  connect- 
ing arrangement  is  similar  for  the  two  arteries. 

To  get  a  true  base-line,  or  line  of  no  pressure,  for  each  mano- 
meter gave  us  some  little  trouble.  The  base-line  is  often  taken 
as  that  drawn  by  the  pen  when  the  mercury  stands  at  the  same 
height  in  both  legs  of  the  manometer,  but  this  is  seldom  correct 
If  the  end  of  the  connecting  apparatus  attadied  to  the  artery  be 
above  the  level  of  the  mercury  in  tlie  limb  of  the  manometer 
with  which  it  is  joined,  the  weiirht  of  the  liquid  in  it  will  afiect 
tliiit  level,  uiaking  it  sink  in  the  iicuiLr  and,  of  course,  rise  in  the 
farther  linib  which  bears  the  pen.  If,  on  the  other  hand,  as  is 
more  often  the  case,  the  arterial  end  of  the  connecting  tube  be 
below  the  level  of  the  mercury  in  the  gauge,  the  tube  acts  like  a 
siphon-tube;  the  mercury  rises  soniewliat  in  the  proximal  limb, 
and  sinks  Xo  the  same  extent  in  that  which  carries  tlie  pen,  so 
that  in  either  case  the  base-line  drawn  with  the  two  mercury 
columns  level  will  be  incorrect. 

As  we  wished  e-*]»e<"ially  to  compare  tlio  amount  of  arterial 
pressure  in  the  coronary  witli  tliat  in  tlie  carolid,  we  had  to  eliTni- 
nate  such  errors,  and  the  more  so  because  the  manometer  attached 
to  the  coronary  artery  was  invariably  above  the  one  connected 
with  the  carotid,  and  so  the  siphon  action  (for  the  ends  of  the 
tubes  farthest  firom  the  kymographion  were  always  below  the 
levels  of  the  mercury  in  the  manometers)  was  considerably 
greater.  The  method  which  we  adopted  gives,  we  think,  abso- 
lutely true  results.  Having  finished  an  experiment,  we  stopped 
the  artificial  respiration,  and  let  the  animal  die  of  asphyxia,  the 
manometers  being  meanwhile  shut  olf  from  connection  with  the 
arterial  system.  When  the  animal  was  quite  dead,  and  all  traces 
of  arteriid  pressure  had  disappeared,  the  communication  with  the 
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manometers  was  again  opened,  and  the  pens  naturally  fell  with 
the  mercnry  to  the  level  which  corresponded  to  zero  arterial 
pressure :  we,  of  course,  satisfied  ourselves  that  there  were  no 
clots  iu  the  apparatus.  The  pens  were  then  turned  awaj  from 
the  paper,  which  was  next  resiled  on  the  drum  until  the  begin- 
ning of  the  record  of  the  experiment  was  reached ;  then,  the  pons 
being  turned  beck  again,  the  kymographion  was  started  once 
more  and  each  pen  drew  its  own  base  line^  being  still  connected 
with  its  artery  and  the  position  of  the  animal  being  the  same  as 
during  the  experiment  It  has  been  suggested  to  us  that  the  base 
line  so  obtained  may  not  be  reliable,  as  some  arterial  pressure 
might  still  remain  in  either  the  carotid  or  coronary  vessel,  or  in 
both,  after  general  death ;  but  this  objection  we  think  will  not 
:ar  examination.  Alter  death  from  asphyxia,  as  is  well  known, 
•e  arterial  system,  at  least  in  its  larger  trunks,  is  extremely 
mpty  ;  a  few  minutes  after  its  occurrence  one  may  out  the  aorta 
without  the  slightest  spirt  of  blood  resulting,  and,  indeed,  even 
}ilinos.t  without  bleeding  at  all ;  and  the  carotids,  subclavians, 
aii  l  other  large  arterial  trunkb  ai  e  obviously  collapsed  and  empty. 
That  under  such  circumstances  there  should  bo  any  arterial  pres- 
sure possibly  remaining  in  arierics  in  free  and  direct  connection 
with  the  aorta  is  not  conceivable. 

A  description  of  the  tracings  taken  on  the  kymographion  (Figs. 
1—5,  PI.  XXV,  XXYT,  XXVII)  will  serve  best  to  sliow  our 
results.  The  tracings,  in  fact,  speak  lor  theniselvi'H,  and  have  l>een 
selected  from  a  considerable  number  which  all  perfectly  agree  with 
them  as  to  the  conelnsions  to  wbi(  li  they  lead  ;  we  have  never  ob- 
tained a  sini^le  contradietory  record.  The  pulse  synchronism  and 
the  similarity  of  the  pulse-waves  in  the  carotid  and  coronary  under 
different  amounts  of  blood-pressure  and  with  various  rates  of 
heart-beat  is  reiiiarkable  throughout.  In  Fig.  1,  PI.  XXV,  we 
have  a  pulse-rate  of  132  per  minute,  an  d  complete  synchronism  in 
the  two  arteries  ;  the  mean  pressure  in  the  former  being  62  mm. 
of  Hg.  and  in  the  latter  42.  The  verticals,  vv,  cut  all  the  tracings 
at  points  corresponding  to  the  same  instant  of  time.  In  Fig.  2, 
PI.  XXVI,  is  a  tracing  taken  with  a  quicker  pulse,  about  172  per 
minute.  At  y',  artificial  respiration  was  stopped  so  as  to  get  a 
dyspnceic  rise  of  arterial  pressure.  As  the  verticals  sliow,  this 
does  not  disturb  in  the  least  the  synchronism  or  similarity  of  the 
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pTtlse^wayes  in  the  two  arteries.  Mean  pressnre  in  coronary,  46 
mm.  of  Hg.,  and  in  carotid  56,  at  the  beginning,  rising  to  100 
mm.  and  120  mm.  respectively  jnst  before  v"\ 

Pig.  3,  PI.  XXYI,  gives  aimnltaneons  tracings  from  the  two 
arteries  dnring  extreme  djapncea,  with  greatly  slowed  pnlse  and 
very  high  blood-pressure^  risiog  In  the  part  of  the  traeing  given 
to  120  mm.  of  Hg.  in  fhe  coronaiy  artery  and  to  132  in  the 
carotid.  Ultimately  the  pressure  rose  still  higher,  and  drove  'die 
pen  attached  to  the  coronary  vessel  off  the  top  of  the  paper,  so 
that  a  record  conid  not  be  obtained.  The  accuracy  with  which 
each  tracing  reproduced  the  other  during  all  the  variatione  of 
pressnre  and  pulse-^rate  which  occurred  during  this  observation 
is  very  remarkable^  and  seems  to  make  it  certain  that  the  pressure 
in  each  artery  is  directly  determined  by  the  same  cause,  viz., 
aortic  pressnre.  The  oontractiug  ventricle  might  conceivably 
increase  pressure  in  the  coronary  vessels  by  compressing  them ; 
but  variations  thus  produced  cannot  possibly  be  imagined  as 
agreeing  so  perfe(;tly  ^vitii  tlie  variations  in  carotid  pressure 
(wliicli,  on  such  a  theory,  must  be  difleruutly  produced  and  sus- 
tained) as  do  those  given  in  tliis  figure. 

TJnfoi  tiinait'ly  a  seconds  pen  was  not  connected  with  the 
kynioirraphion  on  this  occasion,  so  tliat  the  pulse-rate  cannot  be 
stated  acciiratelv ;  but  bv  taking;  an  averar!:o  from  the  rate  of 
movement  in  other  cases  it  may  be  set  down,  without  any  great 
error,  as  about  Oo. 

In  Fit;.  4,  PI.  XXYII,  is  given  a  tracing  taken  so^m  after  the 
resumption  of  artificial  respiration,  which  had  been  interrupted 
long  enough  to  produce  (as  seen  to  the  right  of  tlic  tracing)  a 
considerable  dyspnoeic  rise  of  arterial  pressure.  Well  marked 
and  similar  Traube'a  curves  are  seen  on  each  tracing,  and  also 
the  synchronous  pulse  in  both  arteries.  This  synchronism  is 
maintained  throughout  all  changes  of  cardiac  rhythm  and  blood- 
pressure. 

In  Fig.  .5,  PI.  XXVII,  is  a  tracing  in  which  the  coronary  pres- 
sure is  h  i  i:!  i  r  than  the  carotid  (76  mm.  against  64  mm.  Hg.)  This 
may  perhaps  be  due  to  our  having  taken  in  this  case  a  coronary 
branch  nearer  the  main  stem  than  usual ;  but  it  may  be  also, 
and  more  likely  is,  due  to  the  vasomotors.  The  heart  arteries 
have  a  very  active  system  of  these  nerves,  as  any  oue  who  ex- 
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periments  with  them  will  soon  observe.  Not  unfreqiientlj  on 
laying  bare  a  coronary  branch  that  seemed  aaitable  for  insert- 
ing the  cannula  we  have  found  it  apparently  so  small  that  oar 
endeavor  seemed  hopeless;  and  then  in  a  minute  or  two  it 
would  dilate  again  to  at  least  double  its  previous  diameter.  If 
it  be  borne  in  mind  that  the  ooronaiy  branch  used  was  always 
but  a  small  twig  of  the  whole  coronary  system,  it  seems  pos- 
sible that  great  constriction  in  the  rest  of  the  branches  might  so 
oppose  the  blood-flow  as  to  raise  the  pressure  almost  up  to 
that  in  the  aortic  arch,  and  so  bring  it  above  that  in  the  carotidJ 
In  other  respects  the  tracing  illustrates  the  same  points  as  thoso 
reproduced  in  the  preceding  figures.  The  heart  was  beating  148 
per  minute. 

We  find  then  that  whether  tlie  heart  beats  slow  or  fast,  and 
whether  arterial  pressure  be  high  or  low,  everv  feature  of  the 
carotid  pulse  is  simultHueuusly  given  in  the  coronary.  Ko  doubt, 
with  a  faster-travelling  roll  of  ]iaper  the  synchronism  would  not 
be  perfeet,  as  the  carotid  vessel  Ib  farther  from  the  heart,  but  tlio 
pulse-wave  travels  so  fast  that  this  could  not  be  expected  to  be 
shown  on  the  kynu)gra])h. 

There  is,  however,  no  trace  of  any  alternation  in  the  pulso- 
waves,  sucli  as  would  seem  necessarily  to  follow  from  an  occlu- 
sion of  tlie  months  of  the  coronary  arteries  during  the  ventricular 
systole,  and  such  a%  if  it  existed,  tlie  kymograph  would  cer- 
tainly show. 

The  argument  which  was  used  effectively  against  conclusions 
drawn  from  observations  upon  spirting  coronary  arteries,  may  be 
brought  perhaps  to  bear  upon  our  work,  viz.,  that  in  the  earliest 
stage  of  contraction  of  the  ventricle,  the  coronary  shares  ^vith 
the  carotid  the  general  rise  of  pressure  in  the  arterial  system, 
because  the  valve  has  not  yet  closed  over  its  mouth  ;  and  that, 
in  consequence,  it  is  to  be  expected  that  the  two  pens  which  have 
travelled  together  during  the  diastole  of  the  previous  undulation 

'  Wc  have  recently  endeavored  to  discover  the  source  of  the  va.so-ct^nstrictor 
serves  of  the  heart,  by  cooncctLng  canuuln  with  carotid  and  coronary  arteriesi 
and  th«n  observing  if  a  relative  rise  of  coronary  piessore  could  be  biougbt  about 
by  stimulating  extrinsic  cardiac  nervea,  80  fiur  oar  esperimcots  have  been  con- 
fined to  the  accolcrators  and  have  been  entirely  necrattvc.  We  got  the  accelera- 
tion of  the  i>ulse-nite,  but  no  rise  or  full  in  coronary  jiressure  which  was  not 
exactly  duplicated  on  ttie  truciog  trom  the  caroUd  manometer. 
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shall  together  begin  thoir  sjBtolic  joarney  on  the  new  pulse- 
wave.  This  18,  no  doubt,  qnite  trae,  and  we  have  no  objection 
to  the  argument  as  far  as  it  goes.  It  leaves  off,  however,  where 
onr  work  begins,  and  does  not  affect  the  real  point  of  the  qne&- 

tion,  though  it  emphasizes  the  necessity  for  exact  traciugs  which 
can  be  studied  leisurely. 

Since  the  coronary  artery  is  freely  exposed  to  aortic  pressure 
during  all  of  tlie  diastole,  and  during  the  first  fraction  of  the 
systole  of  tlie  ventricle,  we  are  not  surprised  to  find  on  the  trac- 
ings, at  that  time,  complete  agreement  between  carotid  and  coro- 
nary pulses ;  they  are  caused  by  the  same  thing  and  are  there- 
fore simihir.  If  now  we  turn  to  the  tracings  described  during 
the  major  portion  of  the  systolic  period,  and  find  them  duplicates 
one  of  the  other,  alike  in  form  and  synchronous  in  characters,  it 
is  hard  to  believe  that  they  also  are  not  directly  dependent  on 
the  same  immediate  cause,  i*  aortic  pressure.  For  if  the 
valve  closes  as  Br&cke  believes,  the  forces  acting  upon  the  two 
arterial  contents  are  no  longer  identical;  the  carotid  is  still 
marking  an  increasing  pressure  due  to  tho  outflow  of  blood  from 
the  energetically  contracting  ventricle ;  but  the  coronary,  cut  off 
by  the  valve  from  intlux  of  blood,  is  put  under  other  conditions. 
It  is  not  supposable  that  the  ventricle  acting  upon  the  carotid 
directly  through  the  aorta  should  cause  it  to  trace  a  pressure 
curve  precisely  like  one  drawn  at  the  same  time  by  the  coronary, 
upon  which  it  is  acting  only  indirectly  {i.e.  by  raising  intraven- 
tricular pressure,  and  so  causing  extra  compression  of  the  vessels 
in  the  heart  substance).  Nor  is  it  conceivable  that  the  coronary 
artery  should  have  its  mouth  suddenly  closed  at  one  instant  dur* 
ing  the  period  of  rising  pulae>wave,  and  still  go  on  traciag  un- 
disturbed a  uniform  rise  of  pressure*  Under  such  circumstances 
some  deformation  of  the  coronary  curve,  some  irregularity  in  the 
tracing,  must  take  place. 

Again,  after  the  systole  is  over  and  the  valves  rebound  to 
their  position  over  the  mouth  of  the  aorta,  a  moment  would 
come  (when  the  period  of  highest  carotid  pressure  was  just  past) 
when  the  coronary  artery  would  suddenly  be  opened  and  blood 
would  be  driven  into  it.  An  injection  of  blood  into  the  pre- 
viously closed  coronary  system  at  this  moment  ought  surely 
(even  if  it  did  not,  as  may  be  urged,  raise  arterial  pressure  in 
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the  coronary  arteij,  becaaee  tbe  cardiac  mnaele  was  relaxing 
and  making  the  ooronary  circnit  easier  of  passage)  to  show 
itseJf  in  some  break  or  rise,  or  other  special  feature  in  the  pres- 
enre-changee  at  that  moment  occurring  in  the  veflsel ;  the  tracing 
from  the  coronary  veaael  (now  for  the  first  time  receiving  hlood) 
conld  not  exactly  agree  in  eyeiy  respect  with  the  tracing 
from  the  carotid  artery,  which  is  simnltaaoonsly  emptying  itself 
steadily  and  r^ilarly  under  the  force  of  arterial  elasticity. 
We  find,  however,  nowhere  any  indication  of  snch  a  difference 
of  events ;  the  coronary  tracing  is  always  a  duplicate  of  the 
carotid  nnder  all  circumstances,  and  there  is  no  sign  of  any 
periods  when  great  circulatory  changes  (such  as  are  involved 
in  the  suppotdtion  that  tlie  mouths  of  the  ooronary  vessels  are 
alternately  closed  and  opened)  are  taking  place  in  the  coronary 
artery. 

We  are  therefora  forced  to  conclude  that  they  are  in  the  right 
who  have  maintained  that  the  flaps  of  the  semilunar  valve  are 

never  pressed  completely  back  against  the  aortic  wall  during 
systole  of  the  ventricle.  Finally  we  may  point  out  that  the  trac- 
ings hliow  the  pressure-chajiges  ill  the  coronary  system  to  be  very 
nmcli  like  those  in  any  other  branch  of  the  aortic  system — tlie 
carotid  ibr  example.  It  may  be  added  in  conclusion  that  though 
forced  to  diH'er  from  Briicke,  in  regard  to  any  interference  of  the 
semilunar  valve  with  the  cireulation  in  the  coronary  system,  our 
observations  in  no  way  contradict  his  teaching  that  during  ven- 
tricular diastole  bhxxi  liowing  into  the  coronary  arteries  aids  in 
distending  the  flaccid  heart.  This  is  probably  true.  Tlie  com- 
plete ^^SelhsMeueruiif/*^  ip,  however,  no  longer  tenable;  the 
arteries  of  the  heart  are  not  emptied  during  the  ventricular  dias- 
tole, so  as  to  diminish  the  resistance  to  cardiac  contraction,  but 
are  at  that  time  always  tensely  tilled.  Moreover,  as  our  tracings 
show,  the  little  increment  of  pressure  during  the  systole  of 
a  single  beat,  when  compared  with  the  entire  mean  pressure  con- 
stantly at  work  in  the  coronary  system,  Is  so  small  that  not  much 
would  be  gained  by  blocking  the  mouths  of  the  arteries  in  order 
to  avoid  it. 
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THE  INFLUENCE  OF  DIGITALINB  ON  THE 
WORK  DONE  BT  THE  HEART  OF  THE  SLIDER 
TERRAPIN,  {Pscudm^i  rugotOt  8haw,')  By  H.  H.  DON- 
ALDSON, A.  15,.  F'llowof  ilie  Johw  Bopkina  Vhivemttft  mdi 
MACTI£E  WAKl)  I£LD,  A.  B. 

Tlie  experiments  described  in  this  paper  were  undertaken  as  a 
]>rplin)inary  to  an  examination  of  the  action  of  digitaline  upon 
tiic  isolated  heart  of  a  maiiimal.  On  examining  the  literature  of 
the  subject  we  found  so  iiiiich  confusion  and  contradiction,  and 
so  frequently  metliods  of  experimentation  which  seemed  open  to 
objection,  that  we  concluded  it  better  to  investigate  afresh  the 
action  of  the  drug  on  the  isolated  heart  of  a  cold-blooded  animal 
before  proceeding  to  study  its  iofluenoe  upon  the  heart  of  the  dog. 

Thongh  observations  were  made  on  the  pulse-rate,  arterial 
pressure,  and  the  changes  Id  the  form  and  size  of  the  heart,  we 
wish  now  to  develope  only  our  results  on  the  variations  in  the  work 
done  under  digitaline,  and  shall  therefore  only  make  nse  of  the 
above  observations  when  they  bear  on  that  question. 

It  is  quite  flLTfod  tlmt  digitaline  has  the  same  action  on  the 
heart  wlietlu  i  that  organ  be  isolated  from  the  ceDtral  nervous 
system  or  not.  ^  -  ^ 

In  ni animals  with  the  central  nervous  system  intact,  moderate 
doses  of  digitaline  are  observed  to  cause  a  rise  in  mean  blood* 
pressare,  which  persists  during  the  slow  pulse." 

Winogradoff  ^  states  on  tlie  other  hand  that  the  mean  blood- 
pressure  found  in  dogs  is  not  noticeably  modified  by  moderate 
do6(»  of  digitaline. 

A  contraction  of  the  arterioles  in  the  web  and  mesentery  of 
the  frog  and  the  mesentery  of  the  rabbit  under  digitaline  has 
been  observed  by  many  >  •  ^ ;  others,  however^  have  failed  to 
find  it. 

Bmnton  and  Meyer  ^  obtained  curves  from  a  dog  under  mor- 
phiay  which  led  them  to  maintain  that  the  rise  of  pressure  was 
due  solely  to  the  narrowing  of  the  arterioles 
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The  suggeBtion  having  been  made  that  this  narrowing  of  the 
arterioles  was  one  cause,  at  least,  of  the  rise  in  arterial  pressure, 
experiments  were  undertaken  to  test  the  point. 

The  results  have  been  by  no  means  concordant.  Yon  Besold^ 
cnt  the  cord  in  an  animal  showing  high  blood-preesnre  under 
digitaline.  The  preflsure  at  once  fell  markedly,  but  it  was  jet  a 
question  whether  it  was  as  low  as  it  would  have  been  without  digi- 

taline. 

To  answer  this  it  was  necessarj  lirst  to  sever  the  cord  and  then 
inject  the  dis^it aline.  Tranbe  *  cnislicd  the  cervical  cord  and 
could  get  no  rise  of  pressure  by  the  8ul>&equent  injection  of  digi- 
taline. 

Bohm  m'm^  the  same  method  on  rabbits  obtained  the  same 
resnlts.  But  when,  in  an  animal  without  its  brain  and  spinal 
cord,  he  first  ligatured  the  thoracic  aorta  above  its  inferior 
branches,  and  then  injected  digitaline,  he  obtained  a  decided  rise 
of  pressure.*" 

Having  thus  out  off  much  of  the  arterial  system  he  interpreted 
the  rise  in  pressure  observed,  not  as  a  narrowing  of  the  arterioles, 
but  as  an  increase  in  the  work  done  by  the  heart. 

G5tz  found  after  section  of  the  cord  a  slight  increase  in 
pressure  under  a  subsequent  dose  of  digitaline.  This  rise  he  also 
attributed  to  an  iiicrtsase  in  work. 

AckermanTi  ^-  also  states  that  lie  has  often  cut  the  cord  and 
then  found  a  decided  rise  of  jM  urisure  to  follow  digitaline. 

Attention  was  then  directed  to  the  heart.  In  18T2  Bolnu  - 
published  an  extensive  article  on  the  physiological  action  of  digi- 
taline. As  has  been  mentioned,  he  could  get4n  rabbits  no  rise 
of  pressure  after  section  of  the  cord,  lie  argues,  however,  in  this 
case,  that  the  work  done  by  the  heart  might  have  increased,  and 
yet  the  extreme  relaxation  of  the  vessels  prevented  its  expreaaion 
as  a  rise  of  pressure.  Moreover,  he  failed  to  observe  a  decisive 
narrowing  of  the  arterioles  in  the  frog,  and,  finally,  direct  experi- 
ments on  the  isolated  heart  of  the  frog  led  him  to  conclude  that 
the  work  under  digitaline  was  increased  by  moderate  doses 
(.0005-.001  grm.),  and  decreased  by  large  ones. 

He  used  a  "  Ludwig-Coats  "  apparatus  for  feeding  the  heart 
and  the  formula3  of  Blasius  "  for  estimating  the  work.  Hi? 
cannulas  were  tied  in  the  vena  cava  and  bulbos  aortse.  Placing 
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the  arterial  cannula  in  the  hulbns  almost  certainly  interfered 
with  the  valves  and  thus  introduced  an  important  moditication 
into  the  circulation.  The  distance  through  which  the  blood  was 
raised  varied  in  difierent  ezperimentB  between  6  and  34  cm. 
lie  does  not  Btate,  however,  his  venous  pressures,  nor  precisely 
hia  doses  of  digitaline.  £xperimentiug  thus  he  obtained  under 
moderate  doaea  of  digitaline,  an  increase  of  work,  lasting  in  one 
case  23  minutes ;  coincident  with  a  slower  pulse-rate.  The  work 
then  decreased  and  never  again  reached  its  original  amonnt 
Each  experiment  oecnpied  about  an  bonr. 

When,  however,  so  high  an  arterial  preesnre  was  nsed  that 
tiie  work  began  to  decrease,  digitaline  was  nnable  to  prevent  the 
decrease.  His  final  opinion  as  deduced  iVom  his  investigations 
ia  as  follows : 

« Jedenfalls  abor  glanbe  ich  dnrch  die  xnletzt  mitgetheilten 
Yersnche  bewiesen  zn  haben  dass  die  bei  der  Digitalinwirknng 
beobachtete  Blntdmcksteigemng  anf  dtreckte  Yemehrung  der 
▼om  Hersen  geleisteten  Arbeit  zarQckznfobren  ist" 

In  1880  Williams^  published  some  investigations  on  the 
rise  of  pressnre  nnder  digitaline.  He  finds,  as  did  B5hm  *  that 
the  drag  is  incapable  of  increasing  the  maximal  pr^ure  against 
which  the  heart  can  work.  Moreover,  he  gets  no  evidence  of 
the  narrowing  of  the  arterioles  under  digitaline. 

He  observes  that  when  the  heart  is  workin*'  a^rainst  a  his/her 
pressure  it  undergoes  a  greater  diastolic  expansion,  venous  pres- 
anre  remaining  the  same,  and  does  rnoro  work. 

Digitaline  he  thinks  affects  the  heart  muscle  h*ke  high  pres- 
sure, and  then  causes  a  rise  in  mean  ])re8sure  through  a  variation 
in  the  extensibility  of  the  heart  nmocle.  He  made  no  direct 
measurements  of  work. 

This  review  of  tlie  literature  indicates  that  further  investiga- 
tiou  of  the  question  of  work  was  not  entirely  supertiuous. 

The  experiments  which  we  have  to  record  were  made  in  the 
following  way. 

This  was  designed  to  keep  the  pressures  (both  arterial  and 
venous)  and  the  temperature  always  constant,  at  the  same 
time  to  record  the  form  and  rate  of  the  pulse,  allow  the  estima* 
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tion  of  the  work  done,  and  pemiit  direct  observation  of  the  form 
and  moyements  of  the  heart. 

The  venoas  reservoirs  conaisted  of  three  flasks,  arranged  ss 
Mariotte's  bottles,  each  holding  about  400  ec.  The  flow  from 
each  flask  was  through  a  rubber  tube.  By  the  use  of  two  Y 
pieces,  and  two  other  bitsof  tabing,  the  three  tubes  are  combined 
so  that  the  blood  from  all  the  flasks  flows  flnally  through  one  tube, 
which  is  connected  with  the  venous  cannula.  The  flow  from  any 
liuisk  cuii  be  stopped  by  a  clamp.  In  eAperiiiieuliii^^,  tbe  middle 
Hask,  gradimted  for  every  hundred  cc,  always  held  the  blood 
which  contained  difritaline.  The  others  held  what  we  call  "^a>od  " 
blood,  to  distinguit^ii  it  from  the  above  ;  only  one  flaBk  was  used 
at  any  time.  We  had  three  pairs  of  cannulas  varying  in  diame- 
ter-the  ditterence  in  the  size  of  the  terrapins  making  it  impoe- 
Bible  to  always  use  the  same  cannulas. 

In  order  to  reach  the  venons  cannula  the  common  inflow  tube 
passed  through  the  end  of  a  box.  This  was  mainly  of  wood, 
widi  a  glass  top.  It  always  contained  a  thermometer.  In  this 
box  the  animal  rested  flrmly  on  its  back.  It  was  thus  protected 
from  draughts,  too  rapid  evaporation,  and  mechanical  injury,  and 
yet  always  readily  observable. 

From  the  end  of  the  box  opposite  the  inflow  passed  the  ont^ 
How  tube.  This  was  a  tube  of  stiff  rubber.  First  connected 
with  the  arterial  caiuiuhi,  it  then  passed  through  the  end  of  the 
box,  and  at  once  branclied. 

One  branch  ended  in  a  bit  of  glass  tubing  which  was  fastened 
in  a  clHinpthat  moved  on  an  upright,  and  could  thus  be  fixed  at 
any  desired  height ;  this  was  the  outllow.  The  blood  as  it  was 
pumped  out  was  caught  in  small  beakers  for  a  known  time  and 
then  measured ;  this  gave  us  the  means  of  estimating  the  work. 
The  other  branch  continued  for  about  thirty  cm.  when  it  again 
divided,  one  branch  in  this  case  being  connected  with  a  preasiue 
bottle  filled  with  .75  per  cent  salt  solution,  and  the  other  joined 
a  manometer*  In  our  earlier  experiments  a  small  mercury 
manometer  was  used,  but  in  all  the  later  experiments  a  water 
manometer,  as  described  by  Howell  and  Warfield,"  was  preferred. 
The  manometer  wrote  on  the  smoked  paper  of  a  revolving  dmro. 
Time  wn?  marked  by  an  electric  pen  connected  with  a  clock 
beating  seconds. 
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The  apparatus  being  ready,  a  terrapin  was  weighed,  a  cord 
tied  tightly  about  the  nec^k,  the  head  cut  oft',  the  plastron  re- 
moved, and  the  pericanliiiiii  opened.  Tlie  aTiinial  was  now 
placed  for  a  moineiit  in  the  box,  and  the  heiirht  of  the  lieart 
above  the  table  measured;  then,  wliile  the  operation  wa?;  bcM'ng 
completed,  one  of  us  arranged  the  inflow  and  outliow  of  the  ap- 
paratus to  give  the  desired  pressures. 

With  the  least  possihie  handling  all  the  vessels  of  the  heart 
except  two  were  then  tied.  The  two  generally  used  were  the 
right  aorta  and  the  left  vena  cava  superior.  The  left  aorta  and 
the  vena  cava  inferior  were,  however,  sometimes  taken.  When 
the  cannulas  were  secured,  one  hnndred  cc.  of  pure  defibrinated 
blood  were  sent  through  the  heart,  in  order  to  wash  out  the  con- 
tained blood  which  was  liable  to  clot.  Inflow  and  outflow  were 
then  damped,  the  animal  pithed  and  put  in  the  box.  The  inflow 
tube  through  which  blood  from  one  flask  waB  running  was 
j^lipped  over  the  venous  cainiuiii,  while  the  arterial  cannula  was 
eoniiccted  with  the  outflow.  The  circulation  was  thus  estab- 
lished. 

For  feeding  the  heart  we  used  fresh  defibrinated  calf's  or  sheep's 
blood  mixed  with  its  own  volume  of  .75  per  cent,  salt  solution. 
This  mixture  we  designate  '*  good  blood.''  When  digitaline  is 
added  to  it,  "  poisoned  blood." 

The  terrapins  weighed  between  437  grams  and  1785  grams. 
Initial  temperature  was  between  13^-21*^0.,  with  a  maximum 
variation  of  4*^0.  during  an  experiment. 

The  venous  pressure  varied  between  2.7  cm.  and  7  cm.  The 
arten'al  pressure  was  always  20  cm.  of  the  blood  circulated 
through  the  heart.  The  feeding  flasks  sent  through  the  medium- 
sized  venous  cannula,  under  3  era.  pressure,  1  cc.  in  1  sec.  when 
the  cannula  wjis  disconnected  from  the  heart.  The  digitaline 
used  was  prepared  by  Merck.  It  was  anmrplious,  and  gave  a 
Bliijbtly  turbid  solution  with  water  or  .75  ]»er  cent,  palt  solution. 
Th('  amount^  administered  were  from  .UUtiiio  gram  to  .005  gram 
in  1(H)  cc.  of  tlie  diluted  blood. 

The  digitaline  was  first  dissolved — .001  gram  in  l>cc.  of  water 
or  .75  per  cent,  palt  sohition,  and  then  added  with  a  pipette  to 
the  f^ask  half  filled  with  diluted  l)lo(>d.  The  rest  of  the  blood 
was  then  poured  in,  and  thus  a  fairly  even  mixture  was  secured. 
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The  time  during  which  eacli  obaervation  lasted  varied  from  4 
to  11  howrs. 

There  is  one  im evenness  in  the  apparatus  to  be  mentioned : 
When  one  of  the  flasks  is  to  be  refilled  with  blood  its  outflow 
tube  is  clamped  ;  two  tabes  rnnningc  through  the  cork  are  then 
undamped,  and  through  one  the  blood  is  poured,  while  the  air 
escapes  through  the  other.  The  flask  being  filled,  the  two  tubes 
are  again  clamped. 
During  this  operation  the  entire  contents  of  the  flask  have  been 
'  under  atmospheric  pressure,  and  the  liquid  in  the  air  tube  has 
risen  to  the  level  of  the  liquid  outside  of  it  The  flask,  when 
next  connected  with  the  heart,  accordingly  does  not  act  at  once 
as  a  Mariotte's  bottle ;  it  only  becomes  so  when  the  air  tube  is 
clear  of  liquid :  hence  the  initial  pressure  when  a  new  flask  is 
turned  on  is,  for  a  few  seconds,  higher  than  it  should  be.  This 
higher  venous  pressure  causes  a  slight  increase  in  work  for  some 
seconds.  This  error  exists  in  our  results,  but  it  is  practically  too 
slight  to  be  important 

The  heart  haviner  been  placed  in  the  apparatus,  was  allowed 
to  run  until  it  did  fairly  even  work  per  min.  for  half  an  hour 
or  more.  It  was  soon  found,  iiuwever,  that  it  was  necessary  not 
only  that  the  heart  nhould  do  even  work,  but  also  IXvaX  the  work 
sliuuld  be  near  the  normal  amount,  because  if  u  heart  which 
under  good  blood  was  only  juiinping  2  ec.,  while  later,  under  the 
same  conditions,  it  showed  itself  able  to  pump  ]<>  er.  in  the  fame 
time,  was  in  the  fii-st  in-tance  treated  with  digitaiine,  there  was 
an  increase  in  work  independent  of  the  drug. 

Having  noted  this  fact  in  some  eaHier  experiments,  we  always 
waited  until  both  the  amount  and  regularity  of  tlie  work  done 
silo  wed  that  the  heart  was  acting  normally. 

A  tracing  of  the  pulse  was  usually  taken  for  oue  miuute  every 
time  the  blood  was  measured. 

As  soon  as  the  heart  was  working  properly,  good  blood  was 
turned  off  and  the  poisoned  blood  allowed  to  run  until  the  quan- 
tify in  the  flask  had  decreased  lOn  cc.  The  time  taken  for  this 
was  noted.  Good  blood  was  then  turned  on  again,  and  the 
attempt  made  to  restore  the  heart  to  its  previous  condition. 
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If  this  was  snccesBtiil,  the  same  operation  was  repeated  until 
either  it  was  impoBsible  to  recover  the  heart  or  repetition  wae 
deemed  snperflnotiB.  This  method,  which  allows  of  several 
observationfi  on  tJie  same  heart,  was  suggested  by  Prof.  Martin, 
and  is  very  satisfactory.  In  the  earlier  experiments  we  mea- 
sured the  blood  and  took  a  tracing  once  in  five  minutes.  In  the 
later  ones,  however,  this  was  done  only  once  in  fifteen  niinutes — 
except  when  the  poisoned  blood  was  running  through,  when  the 
observations  were  more  frequent. 

The  poisoned  bloud  wliieh  had  once  circulated  and  that  which 
immediately  followed  it  always  thrown  away.  Tlie  tv]>)eal 
effect  of  a  modonite  dose  of  digitaline  given  in  this  way  was 
pi  iiiiHiily  a  slii>;ht  acceleration  of  pulse  joined  with  a  sudden 
decrease  in  work.  Soon  after  the  flow  of  poisoned  l)loo(l  had 
ce!)>ofl  the  pulse  beeame  normal ;  and  fliPTi  the  work  increased 
more  slowly  until  the  heart  was  doing,  after  an  hour,  for  instance, 
as  much  or  more  work  than  it  had  previously  done.  Tlie  second 
dose  appeared  usually  to  take  cHect  pomcwliat  more  quickly 
than  the  first,  but  it  was  not  until  the  third  or  fourth  dose  that 
a  slowing  of  the  pulse  usually  became  evident.  As  the  number 
of  doses  increased  it  became  in  most  cases  more  difficult  to  re- 
cover the  heart. 

We  made  fourteen  series  of  experiments.  Of  these  five  must  be 
discarded;  two  because  of  accidents  during  the  observationM ; 
one  because  the  three  flasks  did  not  give  the  same  pressures ;  one 
because  the  blood  was  stale,  and  the  fifth  because  the  pressures 
were  varied  during  the  experiments.  We  have  then  left  nine 
series,  comprising  thirty-four  observations. 

In  order  to  express  concisely  what  happens  we  have  condensed 
our  observations  in  the  following  way :  Taking  the  total  number 
of  cubic  centimeters  pumped  around  in  the  IS  min.  immedi- 
ately preceding  the  giving  of  the  poisoned  blood,  we  found  the 
average  number  of  cubic  centimeters  per  minute  during  that 
time.    That  nuniher  is  our  standard  for  the  given  experiment. 

Now,  the  time  heiiii;  observed  which  it  takes  for  100  cc.  of 
the  poisoned  blood  to  |)as8  through  the  heart,  the  number  of 
cubic  centimeters  pumped  per  minute  for  this  period  is  calcu- 
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lated :  when  the  poisoned  blood  is  turned  off  and  the  good 
l)lno(l  on,  the  iniiiil)er  of  cnibic*  centimeters  for  the  iirbt  oU  iiiin- 
iites  is  uvcra^f'il,  an<l  tln'  iiniouiit  yvY  inimite  found. 

As  the  pres>iii«  r-  in  eacli  (.'X]>eriinerit  are  cuiisiant,  vvf  c-an  com- 
pare the  nniiil>cr  ot  ouliic  ccti tiinetcr^^  per  niiii.  in  the  cJilfiTcnt 
observations  of  the  same  series  with  one  another  jnst  as  well  as 
the  absolute  work.  This  we  have  done.  Taking  tlien  one 
amount  pnmped  out,  expressed  in  oc.  per  min.,  as  a  starting 
point,  we  look  to  see  how  the  amounts  pumped  in  tlio  same  time 
during  the  two  subsequent  periods  compare  with  it.  For  brevity 
we  will  call  the  three  periods  mentioned  "before  digitalinei'' 
during  digitaline,"  ^  after  digitalina^' 

Out  of  the  thirty-four  cases  there  are  twenty-four  in  which  the 
work  ^  during  "  is  leas  than  that  "  before/'  and  the  work  after'' 
loss  than  that  "  during  "  ditptaline.    That  is,  where  the  work  has 

reiiiaiiied  decreased  for  at  least  half  an  hour  after  the  (liiritiiline; 
but  after  that  time,  the  heart  beinjr  steadily  fed  with  g<.»od  bloud, 
has  reached  or  nearly  reached  its  original  amount.  Of  the  re- 
Ttiainiiiii  ten  case^^  there  are  six  in  wliich  the  work  is  less  "dur- 
ing '  than  ''before,"  but  rises  in  the  period  after"  above  what 
it  was "  during  "  digitaline.    There  are  two  in  which  the  rise 

after "  goes  above  what  the  work  was  "  before "  digitaline 
(Series  3,  No.  2 ;  Series  7,  No.  2), 

In  one  of  the  remaining  cases  there  is  a  sliglit  and  unaccotint- 
able  rise  "during  "  above  the  work  "before "  digitaline  (Series 
17,  No.  1),  while  in  one  case  the  work  increases  from  the  fint 
to  last  period  (Series  7,  No.  1).  The  number  of  cases  in  which 
less  work  is  done  "  after  "  digitaline  than  "  before  "  is  then  thirtv- 
one  out  of  thirty-four.  This  leaves  us  three  contradictory  esses 
to  be  explained. 

The  two  exceptions  in  Scries  7  (Nos.  1,  '1)  are  cases  in  which  tin 
ex])eriin('nt8  were  itiadc  when  the  heart,  thousrh  pumping  eveuiy. 
wa>  doini:  an  abm »rnially  small  ani<.inir  before  the  adniini^tration 
of  the  digitaline,  an«l  it  was  not  till  something  near  tlie  nornm! 
work  was  done  that  digitaline  produced  its  usual  effect.  Tlse 
third  (?asc  (Series  »i  No.  2)  was  plainly  a  case  where  time 
enough  had  not  been  allowed  tor  recovery. 

We  conclude  from  these  observations:  1.  That  where  the 
heart  is  doing  normal  work  the  influence  of  digitaline  is  to 
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deerenae  that  work ;  2.  That  there  is  a  rougli  relation  be- 
tween the  Bize  of  the  dose  and  the  extent  ot  the  deerease ;  3.  It 
is  farther  to  be  observed  that  with  small  doses  of  digituline  the 
pnlse-iiite  is  at  first  increased. 

This  observation  has  a  two-fold  signifieance.  It  confirms 
those  of  Jorg,*  Sannders,*'  Hntchinson,^  and  others,  and  at  the 
same  time  is  a  good  indication  that  our  doses  were  moderate. 

An  alniuat  constant  Hppuarancc  under  moderate  dof>e?  was  a 
shrivtlling  of  the  auricles.  This  tendency,  at  first  slight,  I  eeanie 
at  the  end  of  a  series  of  moderate  doses  very  inarkod.  With 
a  heavy  dose  the  auricles  became  of  conrse  much  distended. 

During  the  period  of  accelerated  or  unaltered  pulse  rate  the 
volume  of  the  ventricle  appeared  somewhat  decreased,  while 
during  the  slow  pulse  it  was  plainly  increased. 

Tlie  qucbtion  of  dosage  is  one  important  in  tliese  experi- 
ments. The  dose  is  primarily  the  amount  of  the  drug  used. 
But  beyond  that,  the  percentage  in  which  it  exists  in  tlic  })l(H)d, 
the  lentrth  of  time  the  licart  is  exposed  t<>  the  j^oi-ontMi  hlood, 
and  the  surface  of  the  lieart  acted  on,  are  of  the  greatest  import- 
ance. For  instance,  our  tables  show  (Series  8  and  11)  that  in  the 
course  of  an  experiment  much  more  di^italine  can  be  given  than 
can  be  borne  in  a  single  dose,  indeed,  in  one  series,  not  pub- 
ished  because  vitiated  bj  an  accident,  10  doses  of  .0005  grm. 
were  given  to  a  heart  without  any  perceptible  efiect.  This  haa 
a  bearing  on  the  once  held  theory  of  cumulation  of  digitaline. 
If  it  accumulated  in  the  heart  muscle  one  would  expect,  first,  a 
decided  effect  from  numerous  small  doses,  and  second,  a  rather 
tardy  action  of  large  ones.  Neither  occurs.  The  large  doses  act 
with  great  rapidity,  wliile  the  small  ones  produce  no  effect  pro- 
portionate to  their  number. 

Still,  it  makes  a  difierenc(i  how  long  the  poisoned  lilood 
remains  in  the  heart.  If  two  hearts  arc  taken,  one  pumping 
lUO  ec.  in  5  minutes,  and  the  other  the  same  in  lU  minutes,  and 
the  same  weight  of  digitaline  given  in  the  same  amount  of  blood, 
the  efiecte  will  be  much  more  marked  in  the  latter  than  in  the 
former  case. 
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Finally,  ;us  the  heart  increases  in  Fi?:e  it?  capacity  inorcjises  in 
three  diineiisions,  while  the  Biirface  ixpoM^'d  increaiJc's  ojily  in 
two:  thus  tiic  larger  tlie  heart  the  less,  proportiouately,  the  sur- 
face ex})<)se(l  to  the  poiponed  blood.  All  these  poiutfi  are  worth 
considfTRtioTi  when  tlie  true  dose  is  to  be  estiinated. 

It  rt'iiiaiiis  now  to  oH'er  an  explanation  for  those  results  wliich 
are  at  variance  with  our  own,  namely,  the  direct  results  of 
Bohtu  and  the  indirect  ones  of  Williams.  Koy^  has  shown  that 
the  curve  of  extensibility  of  the  ventricular  muscle  is  an  hyper- 
bola. In  the  case  of  the  trog's  veatricle  it  makes  a  sharp  beod 
at  about  10  cm.  of  water  pressure,  and  beyond  that  increase  of 
pressure  produces  little  distension.  In  the  ventricle  of  a  frog 
under  a  moderate  dose  of  digitaline  the  elasticity  is  quite  perfect, 
but  the  disteneibility  is  noticeably  increased,  or  if  it  were  repre- 
sented graphically,  the  new  cnrve  would  fall  even  more  nearly  par- 
allel to  the  axis  of  ordinates  and  to  a  much  greater  distance  before 
bending  than  dooe  the  old  one.  It  is  easy  to  see,  then,  that  for 
a  time  the  curves  would  not  differ  much.  That  is,  for  moderate 
pressures  the  much  increased  capability  for  distension  caused  by 
digitaline  would  not  be  brought  into  play,  but  as  soon  as  we 
make  the  pressure  more  than  moderate,  as  both  Bohm  and  Wil- 
liams did,  this  new  factor  is  brought  in.  The  distensions  for 
equal  increments  of  pressure  are  now  much  beyond  the  normal, 
the  elasticity  remains  quite  perfect,  and  the  heart  then  does  a 
much  increased  amount  of  work. 

The  fact  that  when  the  heart  is  working  against  a  maximum 
pressure  digitaline  does  not  improve  it,  favors  this  view.  If  the 
strength  of  the  systole  or  perfection  of  elasticity  were  improved 
by  it,  then  we  should  get  an  increase  in  work ;  but  the  heart 
being  aheady  fully  distended,  and  the  tendency  of  digitaline  being 
to  increase  extensibility,  it  is  here  superliuous,  and  the  wurk  de- 
creuses  in  spite  ol"  tiie  drug. 

Thus  it  is  jihiiTi  tliat  one  important  action  of  the  drug  is  to  in- 
crease the  distensibiiity  of  the  heart  muscle. 

Follow  ing  are  the  condensed  records  of  our  experiments  given 
in  tabular  Ibnn. 

The  table  is  constructed  as  follows : 
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At  the  beginning  of  eacli  exptiriinent  are  the  most  important 
data :  Time  of  observat  ion  — tlie  weight  of  the  terrapin — position 
of  tlip  cannulas — the  pressures  used — and  the  temperature  with 

ite.  variation. 

Hevond  tliese  are  eleven  coin mns  of  ligures.  Column  one  gives 
the  number  of  the  observation. 

Column  two:  Gives  in  minutes  and  seconds  the  time  wMch  it 
took  the  poisoned  blood  to  pass  tli rough  the  heart. 
•  Column  three :  The  number  of  cubic  centitneters  of  that  blood. 

Column  four:  The  absoLate  weight  of  digitaline  given. 

Column  five :  The  proportional  weight  in  one  hundred  onbic 
centimeters  of  blood. 

Column  six:  The  average  number  of  cubic  centimeters  of 
blood  pnmped  by  the  heart  each  minnte  for  fifteen  minutes  be- 
fore the  digitaline  was  given. 

Column  seven :  The  corresponding  average  pulse-rate. 

Column  eight :  The  average  number  of  cubic  centimeters  of 
blood  pumped  by  the  heart  each  minute  while  the  poisoned  blood 
was  running  through. 

Column  nine:  Corresponding  average  pulse*rate. 

Column  ten:  The  average  number  of  cubic  centimeters  of 
blood  pumped  by  the  heart  each  minute  for  thirty  minutes  after 
the  poisoned  blood. 

Column  eleven :  The  oorresponding  average  pulse-rate. 
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ON  A  NEW  FORK  OF  FILIDIUM.  By  £.  K.  WILSON, 
Ph.  B.   With  Plate  XXVIIL 

Among  the  many  rare  and  interesting  forms  of  pelagic  animak 
taken  with  the  dipping  net  at  Beaufort,  N.  C,  during  the  sum- 
mer of  1880,  were  two  specimens  of  a  Nemertine  larva,  which, 
though  belonging  to  the  PiUdiuvi  group,  is  very  unlike  any  of 
the  species  which  have  hitherto  been  described.  It  is  a  peculiar 
and  highly  specialized  representative  of  this  larval  type;  and 
though  the  scarcity  of  material  prevented  any  careful  histological 
study  of  the  creature,  it  is,  perhaps,  worth  while  to  describe  it  in 
order  to  point  out  its  relations  to  some  other  larvss  of  the  same 
gronp. 

The  full-grown  larva  (Fig.  1)  is  helmet-shaped,  but  the  upper 
or  convex  side  is  much  more  elevated  than  in  most  other  species. 
At  the  summit  of  the  bell  is  a  rather  small  flagellnm.  The  an- 
terior margin  of  tlie  bell  is  produced  into  four  short  blunt  arms 
or  lobes,  of  which  two  are  seen  in  the  figure.  Behind  these  is  a 
deep  sinus  in  each  lateral  margin  followed  by  two  lateral  arms  on 
each  side.  The  anterior  of  these,  marked  a  in  the  figure,  is  con- 
Biderably  the  largest  of  all  the  arms ;  in  the  position  most  com- 
monly assumed  it  is  bent  backwards,  so  as  to  assume  rou^lily  the 
form  of  ii  sickle.  All  the  lubes  arc  very  cuntractile,  and  the  ap- 
pearance of  the  margin  of  the  bell  varies  jrreatly  ace(»rdin<r  to  the 
state  of  contraction.  The  walk  of  the  boll  are  also  contractile, 
and  the  entire  lllar^^^Tl  is  sometimes  drawn  up  so  iid  nearly  to 
close  the  opening.  The  cavity  of  the  bell,  indicnterl  in  \\w  lii^- 
ure  by  a  faint  curved  line,  is  evenly  rounded,  and  (»i  ^^reat  bi/.e  as 
conipared  with  the  correspond inc:^  cavity  in  otla  r  .species.  i>e- 
hind  and  )>elow  the  bell  terminates  in  a  blunt  point. 

The  hell  is  of  glass-like  transparency,  and  is  covered  with  a 
beautiful  pavement  of  large  epithelial  cells.  Scattered  at  inter- 
vals among  these  cells  are  small  highly  refracting  spherical  bodies 
which  have  the  general  appearance  of  oil-globules;  they  are 
much  leas  numerous  than  the  cells,  and  are  not  therefore  to  be 
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confounded  with  the  nueloi  of  the  latter.  Both  the  outer  and 
inner  surfaces  of  the  bell  are  covered  with  cilia,  which  are  short 
over  tlie  iroueral  surface,  but  become  much  longer  and  more 
powerful  along  the  inaigins  of  the  lateral  lobes.  By  the  action 
of  these  cilia  the  larva  swims  slowly  and  graoefnllj  through  the 
water,  at  the  same  time  revolving  upon  an  axis  passing  through 
the  base  of  the  flagcllnm  and  the  centre  of  the  lower  sarface.  In 
one  specimen  there  was  an  accntnnlation  of  dark  reddish-brown 
pigment  on  eadi  side  of  the  bell  near  the  base  of  the  anterior 
lateral  lobe ;  the  other  specimen  was  destitute  of  pigment. 

The  young  Nemertines  in  ])()t}i  larvn^  were  fnllj  developed, 
already  hi  ted  pome  power  of  contractility,  and  within  eigh- 
teen liOurB  after  tlie  r^tage  figured,  abandoned  tlie  Pllidiam  en- 
velope. Tliey  were  vi  ry  O])aqno  and  granular,  allowing  very 
conspicuously  and  delinitely  through  the  transparent  walls  of  ihe 
bell.  Of  their  internal  structure  while  within  tl  r  larval  envel- 
ope little  (;ould  be  made  out,  save  the  clliation  of  the  alimentary 
canal,  which  was  rendered  evident  through  the  rapid  rotary 
movements  of  the  contents  of  the  stomach.  The  yonng  worm  lies 
in  the  lower  and  posterior  part  of  the  larval  envelope  doubled  np 
in  a  pecnliar  way,  so  that  the  middle  and  anterior  (0  P^H  of  the 
body  lies  horizontally  and  transversely,  while  the  remaining  part 
projects  nearly  vertically  upwards.  The  recently  escaped  young 
Nemertine  (Fig.  2)  is  very  contractile  and  changeable  in  shape, 
and  swims  w  ith  some  activity  by  means  of  the  tine  cilia  covering 
the  surface  of  the  l)ody.  Towards  tlio  posterior  end  a  central 
more  o})aque  mass  ]>orderetl  l)y  a  clearer  zone  could  l)e  distin- 
guished. The  creature  is  somewhat  remarkable  for  presenting 
an  appearance  of  distinct  segmentation  in  the  posterior  part  of 
the  body.  The  young  worms,  nnluckily,  soon  died,  and  it  was 
therefore  impossible  to  determine  whether  these  segments'' 
were  permanent  or  simply  the  temporary  result  of  contraction  of 
the  body.  It  is  highly  improbable,  in  either  case,  that  the  ap' 
parent  segments  are  tme  somites. 

For  some  time  after  the  escape  of  the  Nemertine  the  cast-of 
larval  envelope  exhibited  astriking,  though  deceptive,  appearance 
of  continuing  an  independent  existence.  Portions  of  the  bell 
still  [performed  well-marked  contractile  movements,  and  the 
organism,  through  shrunken  and  distorted  (Fig.  3),  still  swam 
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with  considerable  energy  by  the  continued  activity  of  its  cilia. 
These  movements  gradually  ceased,  however,  and  the  remnant 
of  the  Pilidiu'm  at  length  died. 

Tiiis  larva,  whicli  for  the  sake  of  convenience  we  may  call 
J^Uidium  hrachlatum^  is  of  interest,  so  fnr  as  its  general  featnrc?; 
are  concerned,  in  two  respects,  viz.  in  the  highly  specialized 
nature  of  the  marginal  lobes,  and  in  the  great  relative  size  of  tlie 
larval  envelope.  Fig.  4  represents  a  species  of  Pilidium  occa- 
sionally found  in  the  sonthem  Chesapeake,  which  is  closely 
similar  to  the  common  European  I*,  gyrans.  In  this  species  the 
bell  has  a  very  different  form  from  that  of  P.  Iraekiatumy  the 
apical  ilagellnm  is  much  larger,  and  there  is  only  a  single  mar- 
ginal lobe  on  each  side,  which  is,  however,  very  large.  The  young 
worm,  which  is  shaded  in  the  drawing,  occupies  a  different 
position  in  the  larva,  and  the  bell  has  scarcely  any  cavity.  A 
comparison  of  this  form  with  PUtdium  hraehiattun  shows  that 
the  larval  envelope  in  the  latter  species  is  proportionally  three 
tin>es  as  hu  - at  least,  as  in  /*.  </i/ran.<i ;  and  the  striking  dis* 
similarity  of  the  marginal  lobes  in  the  two  forms  shows  how 
ditferently  the  tracts  of  locomotor  cilia  have  been  modified  to 
increase  tlu  ii-  extent  and  efficienc}'.  If  we  cxteTid  our  compari- 
son to  other  species  of  Pilidium  we  find  n  rather  interesting 
t>eries  of  modilications  in  the  marginal  luhen^,  tu  illustrate  which 
I  have  introduced  ligurca  of  three  European  ppecies,  viz.  P. 
a iiricuhif II III  (Fig.  6),  after  Leuekart  and  Pagenstechcr,  and  two 
t^l)e('ies  ( Fiij^^.  5  and  7)  after  Met x  lmikoft'.  It  is  clear  that  the 
marginal  lohcs  in  these  thrtM'  s]»ecie>,  although  of  diliereiit  forms, 
correspond  with  eacli  other  aixl  witli  tliose  of  yyrnihs  (Fig.  4). 
In  each  case,  however,  the  lobe  has  acquired  a  character  of  its 
own;  this  is  especially  marked  in  Fig.  5,  where  the  margin  of 
the  lobe  is  crenate  and  the  cilia  are  disposed  in  definite  tufts 
separated  by  bare  spae^.  In  P.  anrieulalum  the  marginal 
lobe  assumes  nearly  the  same  form  as  the  antero -lateral  arm  of 
jP.  hrcushiatttm  (Fig.  1,  a),  and  the  two  appear  to  be  homologous. 
A  comparison  with  Fig,  7  strengthens  this  conclusion.  The 
lateral  lobe  has  here  assumed  a  slightly  ditlerent  form,  being 
intermediate  between  those  of  P.  auriculatum  and  P.  gyransy 
but  the  anterior  maxgin  is  produced  into  two  slight  prominences 
on  each  side  which  correspond  in  position  with  the  anterior  arms  of 
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P,  brachiatum.  The  outline  of  the  bell,  also,  is  to  some  extent 
intermodiate  between  the  high-arched  form  of  P.  hrao/Uaium 
And  the  more  flattencfl  expanded  form  of  F.  gyram.  Thus  the 
form  of  this  species  (Fig.  7)  Bhows  clearly  how  the  highly  modi- 
fied P,  hraohiaium  maj  have  been  derived  from  the  common 
type  represented  by  P,  gyram^  or  how  both  may  have  arisen 
from  a  common  form.  Attention  may  be  drawn  also  to  the 
great  variation  in  the  size  of  the  flagellnm  in  the  various  species; 
in  some  cases  it  may  even  be  replaced  by  a  toft  of  long  cilia. 

We  are  thns  enabled  in  PUidlum  to  trace  ont  in  some  detail 
certain  modifications  whiqh  are  dne  entirely  to  adaptation  to 
larval  life,  and  which  do  not  stand  in  any  sort  of  relation  to  the 
conditions  of  adnlt  life.  It  is  somewhat  remarkable  to  find  the 
tract  of  locomotor  cilia  so  variously  modified  \  for  the  conditions 
of  larval  life,  so  far  as  locomotion  is  concerned,  seem  to  be  much 
the  same  for  all  the  species  of  PiUdmm.  The  larvas  would  seem 
to  be  capable  of  ready  modification  through  the  action  of  causes 
apparently  insignificant,  or  else  the  conditions  attbctiiiir  tJio  life 
of  such  a  pelagic  creature  are  more  varied  than  appears  at  first 
sight. 

The  rotation  the  larva  upon  its  vertical  axis,  which  is  char- 
aoterihtic  also  of  other  species  of  PiUdhim^  is  wortli  notinir  on 
account  of  the  si^niliciince  which  Ivald  Inii?  ascribed  to  this  move- 
ment in  his  well-known  "  RlafctiL'a  Theory"  (Entwickeluug  der 
Tellerschnecke,  Morpliolouisches  .Tahrbuch,  Vol.  V,  1870V  The 
larvie  of  many  Cd'lonteratos  liave  been  observed  to  ])erform 
movements  of  rotation ;  and  tVoni  this  circumstance  lias  resulted, 
according  to  Rabl's  theory,  the  ac«juisition  of  a  radiate  structure 
not  only  in  the  larva  but  also  in  the  adult.  If,  on  the  other 
hand,  the  movement  bo  nnaccompanied  by  rotation,  if  it  be 
linear  and  not  spiral,  then,  according  to  the  theory,  the  tendency 
will  be  towards  the  development  of  a  bilateral  instead  of  a  radial 
symmetry.  KabPs  theory,  it  is  true,  considers  especially  the 
movements  and  symmetry  of  the  ancestral  "Blastfea,'*  from 
which  the  Coalenterata  and  Hilutcralia  have  been  derived;  but 
his  algnment  from  the  free-swimming  larvse  of  Ooslenterates  is 
based  on  the  assumption  that  the  particnlar  form  of  symmetry 
shown  in  these  larvse  stands  in  causal  relation  with  thdr  mode 
of  locomotion.   In  PUidium  is  foand,  contraxy  to  the  demands 
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of  the  theory,  a  strict  and  prononnoed  bilateral  sjmmetiy  co- 
existing with  a  spiral  moveineiit,  and  the  same  is  true  of  many 
other  larvie,  as,  for  instance,  among  the  Chsetopod  annelidee. 
And  ftirther,  some  Ccelenterate  larvie — e.  g.y  that  of  Renilla — 

which  perl'oriii  marked  spiral  laovemeuts,  are,  to  say  the  least, 
as  much  hilatoral  as  radiate.  Hence,  it  seems  prul)abU*  either 
that  Kabl  Iras  attribnt<'il  too  much  iTrijiortaiice  to  tlie  character 
of  tlie  mux  ciiieiits  of  the  j)riiiiitiv('  I  Ua-tiva.  or  that  the  argument 
drawn  Irom  the  lo^omotioa  of  existing  larvaa  caDnot  beanetained. 

EXPLANATION  OF  PLATE. 

FiGi  RE  1. — Pilidium  brarhiatum,  nov.  sj),,  from  Heanfort,  N.  (!.: 
from  left  side.  X  60. 

Fioi  KK  2. — The  same;  young  Aeniertine soon  after  it8 e»<caiK*  from 
thi'  hirvul  envelope,  X 

Figure  3. — The  Manie;  larval  envploj»e  which  has  been  cast  off. 

FiGi  KE  4. — Pilifliuvi  closely  re.«iembling  Pilidium  yyram ;  from 
the  southern  Chesapeake,  X  70. 

Fioi'KK  5. —  Pilidium  with  ijeculiarly  niodilied  niaru;inal  lobes; 
after  MetschnikoH*. 

Fioi  RE  6. —  l^iiulium  auriculatum ;  after  lA  uckarl  unci  rag'-n- 

Fun  KK  7. —  PiUdium,  sp. ;  after  Met^chnikott'. 
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ON  THE  POLAR  EFFECTS  UPON  NERVES  OP 
WEAK  INDUCTION  CURRBNTS.-^By  HENRY 
SEWALL.  Ph.  D. 

More  than  n  year  af^o  I  was  en^a<:^ed  at  Leipzi"^,  in  company 
with  Prof.  V.  Kriep,  in  Btudyinir  tlio  action  ot' two  successive  sub- 
maximal  stininli  upon  each  otiier  in  curarized  muscle. 

The  results  then  obtained  appeared  to  the  authors,  at  least,  to 
recommend  the  simplicity  of  the  methods  employed ;  and  they 
were  accordingly  used  sabseqnentlj  in  a  large  number  of  expe- 
riments performed  with  a  view  to  discovering  the  physiological 
interaction  of  rapidly  sncceeding  stimuli  applied  indirectly  to  the  < 
muscle  through  its  nerve.  It  was  soon  evident,  however,  that 
the  method  was  quite  inadequate  to  the  task  proposed,  and  that 
portion  of  the  work  was  for  a  time  abandoned ;  but  not  until  it 
was  clear  that  the  difficulty  experienced  was  due  to  the  specific 
action  of  the  electrical  currents  upon  the  nerve. 

It  is  proposed  in  the  present  paper  to  consider  the  influence  on 
the  nerve  of  very  weak  induction  currents  passing  through  one 
pair  of  electrodes,  as  shown  by  their  effect  upon  submaximal 
muscular  contractions  excited  through  a  separate  pair  of  elect- 
rodes. 

The  records  were  taken  by  means  of  an  elaborate  form  of  pen- 
dulum myographlon  deseribedMn  another  place.^  The  recording 
lever  was  very  light,  and  magnified  the  contractions  some  eight 
times.  The  weight  hung  upon  the  axis  of  the  lever.  The  muscle 

used  was  the  gastrocnemius  of  the  frog  witli  its  attached  nerve. 
The  tissues  were  freed  from  blood  hetbre  excision  by  a  stream 
of  0.6  per  cent.  NaCl  through  the  aorta.  The  experiments  were 
made  upon  several  ditierent  species  of  froi^,  and  occnpied  the 
month  of  February  and  part  of  May.  Two  du  Bois  induction 
coils,  without  the  iron  cores,  placed  at  right  angles  to  eacli  other 
and  several  feet  apart,  supplied  each  pair  of  electrodes  upon 
which  the  nerve  rested.  The  nerve  was  usually  laid  between  two 
Strips  of  moist  lilter-paper  upon  platinum  wires,  which  were 

1  Jouriml  orPhytiology,  Vol.  II,  p.  164. 
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stretched  over  an  ebonite  blocki  and  this  was  then  covered  to 
prevent  evaporation.  In  this  case  no  ol^er  moist  chamber  was 
nsed,  and  the  muscle  was  simply  inclosed  by  the  skin.  Occa- 
sionally the  nerve  was  placed  upon  platinum  wires  without  being 
inclosed  in  moist  paper.  In  such  instances  the  electrode  pairs 
had  to  be  moved  much  nearer  together  than  previously,  in  order 
to  obtain  the  re&ulis  to  be  described.  A  modified  form  of  the 
UBual  nonpolarizablo  electrode  was  also  employed,  which  hae 
been  found  u^t  fui  botli  in  this  and  in  general  laboratory  work. 
Four  gla«8  IJ  tubes  were  cemented,  each  by  one  limb,  into  holes 
bored  into  an  ordinary  microscope  slide.  Clay  plugs  tilled  the 
cemented  limbs,  and  the  amalgamated  zinc  wires  dipped  into  the 
free  ends  of  the  tubes.  With  a  little  care  the  zinc  sulphate  solu- 
tion was  prevented  from  rising  to  the  top  of  the  clay.  After  the 
nerve  was  laid  on  the  upper  ends  of  the  clay  plugs,  it  was  covered 
by  a  glass  slide  borne  by  narrow  glass  slips  cemented  along  three 
sides,  so  as  to  cover  in  a  little  chamber  which  could  be  kept  moist 
by  salt  solution  contained  in  a  tube  fastened  into  the  lower  slide. 

In  the  experiments,  unless  otherwise  indicated,  the  two  keys 
of  the  myographion  were  placed  bo  as  to  be  opened  simultane- 
ously by  the  swing  of  the  pendulum.  The  shock  from  one  induc- 
tion apparatus  was  so  lar  weakened  that  it  just  failed  to  call 
forth  a  contraction  from  the  muscle,  and  was,  therefore,  for  itself 
inefficient.  The  intensity  of  tlie  stimulus  from  the  second  coil 
was  regulated  to  excite  a  contraction  varying  from  about  one- 
tenth  to  three-fourths  the  height  of  a  maximal  contraction. 

When  the  two  pairs  of  electrodes  are  pretty  far  apart  on  the 
nerve,  one  inch  or  more,  the  results  from  double  stimulation  are 
not  at  all  regular.  There  is  good  evidence  of  an  interaction  of 
stimuli,  however  far  separated  on  the  nerve,  but  not  in  the  sense 
to  be  considered  below.  The  results  in  such  cases  are  too  irreg- 
ular, and  their  causes  too  obscure,  to  be  treated  at  present 

When  the  electrode  pairs  are  separated  by  a  short  distance  on 
the  nerve,  resting  within  three-quarters  of  an  inch  of  each  other, 
the  bei*rht  of  the  contraction  due  to  the  single  efficient  stimulus 
is  })roluuiKlly  and  regularly  altered  under  the  intlnence  of  the 
other  stimulus  (  which  is  itself  too  weak  to  produce  a  contraction) 
when  botli  are  let  simultaneously  into  the  nerve.  This  interac- 
tion is  more  pronounced  the  nearer  the  two  pairs  of  wires  are 
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together.  When  the  nenre  is  not  covered  by  moistened  paper, 
the  inner  or  adjoining  wires  of  the  electrode  pairs  must  be 
approached  to  within  one-fourth  to  one-eighth  of  an  inch  of  eadi 
other.  When  the  electrode  pairs  are  moved  farther  and  farther 
apart  the  constancy  of  the  results  of  double  stimulation  fjradually 
fails  in  an  order  wliicli  lias  not  been  studied;  and,  usually,  when 
the  inner  wires  are  separated  by  an  inch  or  more,  the  ejects  to  be 
immediately  described  do  not  regularly  apptnir. 

The  results  obtained  under  the  conditions  d^ribed  may  be 
conveDiently  arranged  as  below. 

f.  When  the  upper  stimulus,  that  farthest  from  the  muscle, 
is  alik  by  itself  to  produce  a  contraction;  the  lower  stimulus, 
that  nearest  the  muscle,  taken  alone  being  inefficient : 

a.  When  the  upper  is  descending  and  the  lower  descend- 

ing, double  stimulation  gives  a  strong  diminution  of 
the  single  contraction  obtained  from  the  upper  stim- 
ulus. 

6.  When  the  upper  is  descending  and  the  lower  is  ascend- 
ing, doable  stironlation  gives  a  strong  increase  in 
contraction  over  the  single. 

c.  When  the  upper  is  ascending  and  the  lower  ascending, 
double  stimulation  gives  slight  increase  over  the 
single. 

<L  When  the  upper  is  ascending  and  the  lower  descend- 
ing, double  stimulation  gives  diminution  of  the 
single. 

II.  When  the  upper  stimulus  taken  alone  is  inefficient  to  pro- 
duee  a  contraction,  the  lower  being  by  itself  efficient : 

0.  Wlien  the  upper  is  descending  and  the  lower  descend- 
ing, double  stimulation  gives  an  increase  over  the 
single  contraction. 

b.  When  the  upper  is  descending  and  the  lower  ascend- 

ing, double  bLimuiatiun  gives  strong  increase  over  the 
single. 
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4S*  When  the  upper  ia  ascending  and  tlie  lower  ascending, 
double  fitiin Illation  gives  strong  diininutiou  of  the 
single  contraction. 

d.  When  thenppor  is  ascending  and  the  lower  descend- 
ing, doable  stimulation  gives  a  diminution  of  the 

single. 

Below  is  a  table  embodying  the  results  of  one  experimeDt 
made  in  May,  with  the  use  of  platinum  electrodes  whose  inner 
wires  were  nearly  one-third  of  an  inch  apart,  the  nerve  resting 
on  moist  paper.  The  numbers  refer  to  the  heights  of  the  eon- 
traction  enrves  measured  in  millintetres. 
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It  need  hardly  be  pointed  out  that  these  result?  may  be 
described  as  due  to  the  polar  intiuences  of  the  iueiUcient  stim- 
ulus. 

The  faet  indicated  in  the  preceding,  that  the  excitation  deve 
loped  at  the  kathode  of  the  etliciont  stimnlnf*  is  depressed  in 
the  neighborhood  of  the  anode  of  an  adjoining  pair  of  electrodes, 
and  conversely,  presents  nothing  essentially  new ;  but  it  isinte^ 
csting  to  observe  the  results  in  cases  3  and  5  of  the  table,  in  which 
it  is  shown  that  not  only  does  an  increase  in  the  intensity  of  an 
anodic  area  diminish  an  excitation  wave  passing  through  that 
area  from  a  kathode  above,  but  even  when  the  exciting  kathode 
is  nearest  the  muscle,  the  contraction  caused  by  it  is  lessened 
when  the  intensity  of  the  anodic  phase  higher  up  on  the  nerve 
is  increased.  It  is  seen  at  once  tliat  all  these  results  follow  the 
general  conditions  of  what  is  known  as  the  "law  of  contraction." 
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In  nearly  all  the  experiments  tlie  two  stimuli  were  let  simul- 
tuneoiisiy  into  tiie  nerve.  When  the  niyographion  keys  were  so 
arranged  that  the  two  shocks  succeeded  each  other  at  diti'ereiit 
time  intervals,  whatever  the  order  of  succession,  tho  iateraction 
of  the  two  stiinuli  gradually  diminished  with  the  increaae  of  the 
hiterval  and  failed  altogether  when  this  was  Btill  very  small — 
that  is,  about  0.001  Becond.  Gomparativelj  little  attention  was 
paid  to  thie  aspect  of  the  work ;  bnt  there  was  in  no  case  eyi- 
dence  of  an  oscillation  of  electrotonie  condition  at  either  pole  of 
the  reacting  cnrrenti  snch  as  occnrs  after  the  cessation  of  a  gal- 
vanic cnrrent  in  the  nerve. 

It  is  not  very  clear  what  relation  the  two  phenomena,  the 
'-action  current"  and  the  "electrotonie  eiirrent'"  set  up  in  a 
nerve  bv  an  induction  nhock,  ])ear  to  each  other.  The  evidence* 
goes  to  bliow  that  the  two  (•hHT)L''e>;  H])|)ear  &imultaiieoUhIy  on 
stimulation  and  progress  with  cquai  velocity.  Ilerinainr  is  the 
only  investigator,  as  far  as  I  know,  who  has  made  a  deiinite 
attempt  to  analyse  the  electrotonie  phases  of  the  induction  cur- 
rent in  this  connection  ;  and  any  one  reading  this  paper  must  be 
struck  with  the  indissoluble  character  of  the  bond  uniting  the 
purely  electrotonie  with  the  physiological  excitatory  changes  set 
np  in  a  nerve  by  electrical  stimulation.  Grdnhagen/  starting 
from  some  results  of  Harless,  in  which  the  latter  found  that  by 
the  double  stimulation  of  a  nerve  in  two  places  he  sometimes  got 
an  increase  and  at  others  a  diminution  of  the  contractions  from 
the  single  stimuli,  and  working  with  constant  currents,  decides 
that  two  effective  i^timuli  applied  simultaiauut-ly  to  the  extremi- 
ties of  a  iiei  ve  sumniate;  but  if  one  stimulus  be  bv  itself  in ef^ec- 
tive,  then  in  no  case  does  it  inlluence  the  effective  stimulufi. 
Gninhagen'B  work,  however,  has  little  in  common  with  that 
detailed  above.  Some  of  the  experiments  of  Wundt*  touch  upon 
isolated  points  of  the  questions  considered  here.  A  short  r^'sum^ 
of  the  results  of  work  upon  the  interaction  of  electrical  stimuli 
in  nerve  given  by  Hermann'  may  be  of  use  to  one  who  is  not 
acquainted  with  the  literature  of  the  subject 

•  Beltnholtz,  Honatebericbt.  d.  Berlin.  Akad.  1894,  p.  820  PflQger,  Electroto- 
nn0,  p.  44d.  Itehiijew,  da  Bote*  Archiv,  1870,  p.  695. 

«  Hernmiin.    Pfltlger's  Archiv,  Bil.  XVIII,  p.  574 
«  Z«'itschr.  f.  Nat.  Med.,  3te  Seite,  XXVI,  im 

*  Wun<lt.    Mecliaiiik  <lrr  NiTvcn. 

» Hermann.   Hdb.  dcr  Physiologic,  Bd.  il,  tiJ.  lOU, 
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It  appears  to  the  writer  that  a  consideration  of  facts  such  as 
those  which  have  been  detailed  must  aiTect  to  a  great  degree  the 
phyBiological  aignificance  of  all  results  which  follow  the  very 
rajnd  Buoeession  of  stimoli  in  nervo  muscle  preparations,  and  if 
this  be  trne  the  adaptability  of  the  electrical  method  to  snch 
experiments  is  extremely  donbifbl. 

Some  interesting  oonclnsions  of  Dew-Smith^  from  double 
nerve  stimnlation"  haTe  been  kept  in  mind  throughoat  this 
work.  That  author  foand,  essentially,  that  when  a  nerre  was 
simiiltaneonsly  stimulated  by  submaxiinal  induction  shocks  at 
two  different  points,  the  muscular  contraction  entming  did  not 
represent  an  addition  of  the  contractions  from  tlie  sini:;le  stimuli^ 
us  might  have  been  expected,  but  about  equalled  the  contraction 
which  was  10  be  nKtaiin  d  from  the  lower  single  stimulus,  that 
nearest  the  musele,  acting  alone.  He  suggests  as  an  explanation 
that  the  excitntion-wave  passing;  downward  ftom  the  upper  pair 
of  electrodes  is  "  blocked  "  by  Uie  wave  going  upward  from  the 
lower  electrodes  and  is  thns  practically  annihilated.  The  sug- 
gestion was  a  valuable  one  as  offering  a  possible  clue  to  an  expla- 
nation of  the  difficult  question  of  physiological  inhibition,  and  it 
seemed  highly  desirable  to  find  the  true  meaning  of  the  outcome 
of  the  experiments. 

These  result^  however,  appear  to  be  readily  explained  when 
considered  as  a  special  case  of  the  phenomena  whose  general 
relations  have  been  considered  in  this  article.  Let  us  consider 
the  effect*  lirougbt  about  in  the  contractions  from  double  stimu- 
lation when  the  strength  of  one  excitation  is  varied.  When,  for 
example,  the  lower  stimulus  is  iisccnding  and  efficient,  the  uj)})er 
being  ascending  and  inefficient,  double  stimulation  gives  a  con- 
tration  smaller  than  that  obtained  from  the  lower  stimulus  alone. 
Let,  now,  the  strength  of  the  upper  stimulus  be  gradually 
increased  ;  there  comes  a  point  where  the  excitation  from  the 
kathode  of  tlie  upper  electrodes  balances  the  depressing  effect 
upon  the  lower  stimulus  of  the  upper  anode,  and,  as  far  as  1  have 
observed,  this  point  is  reached  when  the  single  contractions  are 
not  far  from  equal. 

The  resultant  of  the  interaction  of  the  two  excitations  depends, 
of  eonree,  alt<^ther  upon  their  relative  strength  and  direction 
in  the  nerve. 

>  Dew-Smitb.  Jouru.  of  Anat.  aud  Fhys.,  Vol.  YIU.  1874»  p.  74. 
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BESE ARCHES  ON  THE  GROWTH  OF  STA.RCH 
GRAINS.  A.  F.  W.  SCHIMPKK,  Ph.  D.'  With  Plate 
XXIX. 

I. 

The  Ptarch  grains  foand  in  many  growing  chlorophyl-contain- 
ing  plant  parts,  show  a  constant  structural  peculiarity;  these 
grains,  usually  tablet-9]ia])ed  in  the  observed  cases,  present 
ragged  edges,  sonietimes  perforated.  The  broad  surfaces  are 
very  uneven,  and  present  under  the  microscope  a  spotted  appear- 
ance, produced  by  superficial  sculpturing,  and,  in  many  ctises, 
also  by  internal  vacuoles.  From  the  results  of  the  following 
researches,  these  appearances  must  be;iscribed  to  partial  solution, 
due  to  the  fact  that  some  of  the  starch  is  used  for  the  growth  of 
the  organ.  This  conclusion  rests,  on  the  one  hand,  on  the  fact 
tliat  after  the  cessation  or  abatement  of  the  growth  of  the  orij:;an 
concerned,  the  starch  granules  deposited  do  not  possess  the  above 
characters ;  on  the  other  hand,  on  the  fact  that  similar  appear* 
ances  occur  in  ffcrminating  aoeds  {e.  g»  Zea  inuis.) 

After  the  starch-bearing  organs  have  ended  or  greatly  slowed 
their  growth,  the  formation  of  normal  starch  begins;  nsnally 
some  new  spheri<:al  starch  grannies  appear,  whicli  show  no  trace 
of  the  above  described  structure;  in  addition,  the  already 
present  gran  ales  increase  in  size.  TTt  is  increase  does  not  occuTf 
as  one  would  expect^  in  the  interior  of  the  grain^  hut  in  the  form 
of  an  oriffincUly  very  thin  and  gradually  thickening^  shiny  and 
Wrongly  rrfraetmg  stratum^  deposited  around  the  original  cor- 
roded grain.  This  layer  is  not  itself  corroded,  bnt  shows,  of 
course,  prominences  and  pits  corresponding  to  those  of  the  cor- 
roded grain.  The  subsequently  deposited  strata  agree  in  char- 
acter with  that  first  laid  down,  but  the  inequalities  of  the  sur- 
face become  gradually  obsisured,  so  that  it  is  often  smooth  in  a 
fully  formed  grain.   In  the  centre  of  this  complete  grain,  when 

*TEanBlated  from  iioUnifiche  Zeituog,  IS61,  Noe.  12, 13,  14. 
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ireah,  one  can,  however,  with  Btiitable  illnmination,  still  detect 
the  original  corroded  grannie. 

The  appearanoes  jnat  deseribed  may  be  seen  in  many  different 
apeciea  of  plants. 

Among  others,  I  have  seen  them  very  beantiAilly  in  the  seeds  of 
of  some  LegufmnoMB*  The  starch  grains  of  the  cotyledons  DoU- 
ehos  Mlab  (Figd.  1-3),  which  is  one  of  the  plants  most  snitable 
for  the  purpose,  first  appear  when  the  seeds  have  attained  one-third 
of  their  full  size.  They  are  then  Hattened  corpnsclop,  with  very 
lumpy  surfsice,  surrounded  by  chlorophyl.  The  Btarch  grain;^ 
rctHin  the  tiaine  form  and  structural  pecuh'HriticB,  tliough  incnms- 
ing  conBiderably  in  size,  so  long-  as  the  cotyledons  are  growin*:  and 
possess  a  vivid  green  color.  With  thie  cessation  of  growth  and  the 
diminndon  of  the  chlorophyl  the  formation  of  the  final  reserve 
starch  commences.  First  appear,  in  most  cases,  glistening  bluish- 
shimmering  spots  on  single  prominences  or  on  one  side  of  the 
starch  grain ;  soon  the  whole  grain  is  snrronnded  by  a  thin  layer 
of  dense  non-corroded  snbstance.  The  starch  formation  thence- 
forth proceeds  nniformly.  In  the  completed  grain  one  clearly 
recognizes  the  corroded  uneven  kernel. 

Starch  formation  in  the  seeds  of  Vuda  fdba  agrees  essentially 
with  that  observed  in  DoUchos,  In  Phaseohis  the  grains  are 
originally  spindle-shaped,  and  with  a  less  uneven  surface  than 
that  of  the  plants  above  named.  Nevertheless,  the  same  mode 
of  development  may  be  recognized  in  them. 

In  the  medullary  parenchyma  of  (Vreus  sj^ecio.sismmvs  (Figs, 
4-7),  the  starch  formation  is  like  that  in  DoLichos.  The  tops  of  the 
Stems  examined  contained,  dose  beneath  the  punctuin  vegetatio- 
nis,"  many  large  starch  grains  with  smooth  surface.  The  develop- 
mental processes  which  are  briefly  described  below  refer  to  acta- 
ally  growing  stems,  in  which  starch  formation  is  easily  observ- 
able. One  or  more  starch  grains  arise  in  the  chlorophyl  grannies 
aocamnlated  aronnd  the  cell  nnolens.  Here,  also,  they  appear 
as  minnte  angular  tablets,  bnt  with  a  not  very  greatly  corroded 
surface.  With  the  diminution  of  the  chlorophyl  grains,  which 
towards  the  last  form  only  thin  membranes  aronnd  the  starch 
grains,  the  definitive  starch  development  commences,  and  pro- 
ceeds as  in  DolirhoH.  Here  also  the  primary  corroded  tablet  is 
clearly  recognizable  in  the  completed  grain. 
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There  can,  therefore,  l>c  no  tl(»ubt  that  tht*  inner  parts  are  not, 

Nii^eli  maintains,  the  youngest,  and  the  outer  the  oldest;  the 
exa<*t  opposite  ib  tlie  case.  2'he  growth  of  a  starch  grain  occtirs 
hy  deposit  ion  ini  t/n  (.rf(  rior. 

More  careful  examination  of  the  development  of  starch  graiim 
results  in  many  other  facts  which  are  incompatible  witli  Napreli's 
theory.  The  etarch  irrains  of  Ditjf'enharkia  seguina  are,  for 
example,  very  instructive  ;  *  in  contact  with  a  second  chlorophyl 
granule  they  obtain  a  new  system  of  layers,  deposited  on  the 
primary.  In  the  following  sections  we  shall  meet  with  still  other 
phenomena  conclusively  showing  the  nntenability  of  l^ageli'a 
doctrine ;  those  described  in  the  present  section  are,  however, 
Bnfficient.  My  immediate  object  is  to  examine  more  closely  and 
explain  thoee  properties  of  starch  grains  which  have  been 
regarded  as  proving  a  growth  by  intnssueception. 

These  properties  are  generally  known,  and  will  have,  more- 
over, to  be  closely  diacnssed  in  the  conrso  of  this  article.  I  con- 
tent myself,  therefore,  for  the  present,  with  briefly  stating  them 
in  the  order  in  whieh  they  are  discussed  in  the  following  pages: 
1.  The  differentiation  into  regions  containing  different  amounts 
of  water.  2.  The  differences  in  regard  to  percentage  of  water, 
and  sometimes  of  shape,  between  the  small  grannies  and  the  inner 
strata  of  the  latger.  3.  Unlike  rate  of  growth  in  different  direc- 
tions. 4.  The  mode  of  growth  of  compound  and  partially  com- 
pound grains. 

One  might  be  inclined  to  assume,  as  Dippel'  has  for  the  cell 
membrane,  that  there  oocnrs  an  intussnsoeption  growth  of  layers 
first  deposited  by  apposition,  bat  in  snch  cases  the  original  ker- 
nel would  certainly  be  lost,  which  is  by  no  means  the  case.  On 
the  other  hand,  we  shall  see  that  all  the  |)ropertie8  of  the  starch 
granule  may  be  explained  without  the  a6*»uniption  of  any  intus- 
susception. 

So  far  as  concerns  tlie  objection  which  one  might  raise  betVire- 
hand  in  opposition  to  the  whole  drift  of  these  researches,  viz., 
that  cell  membranes  undoubtedly  irrow  bv  intussusception,  and 
that  consequently  the  so  similar  starch  grams  inubt  do  likewise, 

1  See  Schimper.  U n  tc uohiuigen  tttwr die  Entstdiuiig  der  8tlrkek5m«r.  Bot 

Ztg.,  IKSO.    Taf.  13.  Fikr. 
'  Dk  nuuere  Tbeohe  Qber  die  feiuere  Structur  der  ZellhQUe,  etc.,  1378. 
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it  IP  no  lonc^er  tenable,  after  the  well-known  researches  of  Sachs, 

Ti  luhe  and  De  Vries  on  the  iiifluenceof  tniLnditv  on  the  irrowth 
of  tlic  cell  membrane.  Tlicse  researchet.  have  completely  eluci- 
dated the  Burface -growth  of  the  meiiibraue  by  intuasnsception, 
since  they  have  shown  that  it  only  occurs  under  the  action  of 
cell  turt^idity,  and  eonsists  in  a  constantly  repeated  exceedintr  of 
tlie  olasticity  limit,  with  an  immediately  following  deposition  of 
Bolici  particles  in  the  interstices.  Increase  in  area  and  incresii^e  in 
thicknefiB  of  the  cell  membrane  are,  tlierefore,  to  be  attributed 
to  quite  diflerent  cause.*;  from  the  fact  that  the  fonm  r  takes 
place  by  intussusception,  the  conclusion  is  not  justiliable  tliat 
the  latter  occurs  in  the  same  method.  Still  less  can  it  be  applied 
to  the  starch  grains  where  there  is  no  qaestion  of  turgidity. 

U. 

In  Nageli's  theory  the  part  concerned  with  the  developmental 

history  of  the  kernel  and  of  the  layers  in  simple  starch  grains 
is  undoubtedly  the  best  thouglit-out  portion.  The  facts  that  the 
kernel  consists  of  a  soft  material,  while  starch  grains  of  like 
size  in  the  same  plant  are  dense;  and  that  the  outer  layer  is 
always  poor  in  water,  even  during  the  deposition  of  lavcrs  con- 
taining diflerent  proport  ions  of  water  (which  necepsarily  would 
lead  to  an  equally  fre(|uent  appearance  of  a  peripheral  layer, 
ricli  m  water),  appear  entirely  ineonsistent  with  growth  by  appo- 
sition, wliile  they  find  a  satisfactory  explanation  through  the 
intussusception  theory. 

it  seems  desirable,  before  stating  the  results  of  my  own  re- 
searches, to  present  extracts  from  Nageli's  great  work,  giving  his 
view  of  the  history  of  the  differentiation  of  starch  grains  into 
kernel  and  layers. 

According  to  Niigeli  the  developmental  history  of  a  simple 
starch  grain  is  as  follows :  ^ 

<<AU  starch  grains  are  spherical  in  the  earliest  stage  and  consist  of 
a  dense  material.  Then  in  all  cases  a  s]  >herical  kernel  of  softer  mate- 
rial separates,  and  after  it  has  increased  in  sise  divides  again  con- 
centrically into  a  new  small  spherical  kernel,  and  an  inner  dense 
and  outer  softer  stratum,  the  latter  strata  forming  spherical  shells 

>  Die  St&rkekOrner,  S.  280. 
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around  the  kernel.  The  process  may  hi*  repeated  once  or  Hc.veml 
times,  I^ss  frequently  a  filial  1  f?pherical,  denser  kernel  is  deposited 
in  the  larfje.  more  watery  original  one.  The  outer  stratum  as  well 
as  those  wiiich  have  been  formed  by  division  of  the  kernel  divide 
from  time  to  time  concent ricully  after  they  liave  attained  a  certain 
thickness.  Usually  one  dense  stratum  splits  into  two  of  similar 
character,  with  an  intermediate  soft  one :  more  seldom  a  soft  stratam 
is  diTided  by  a  denser.  In  addition  a  thickening  occurs ;  it  may  be 
obsenred  in  the  soft  strata  and  in  the  kernel  even  when  the  hard 
strata  haye  attained  considerable  density.  If,  howerer,  the  strata 
diflfer  from  one  another  so  little  in  consistency  that  the  whole  mass 
appears  homogeneous,  it  is  the  dense  parts  which  first  appropriate 
more  material." 

Nageii's  tiieoretical  explanation  of  tliese  procesees  is  as  follows  :* 

If  we  conceive  the  spherical  beginning  of  a  starch  grain  as  con- 
sisting of  similar  concentric  molecular  layers,  then  any  nutritiye 
liquid  entering  will  first  lay  down  new  particle.^  in  the  surfaces  of 
these  layers.  This  results  from  the  fact  that  the  resistances  are  there 
less  than  those  which  would  be  met  with  on  deposition  between  the 

layers   Ii<^t  \\%  assume  that  the  molecular  layors  in  the  whole 

grain  siiuuUaiK'ously  antl  nnifoniily  inrrease:  then  any  two  neigh- 
boring layers  will  exhibit  a  tendency  to  Bopurate  frotn  one  annther, 
since  the  radius  of  the  outer  would  witli  uuimjieded  growth  increase 
more  than  that  of  the  inner.  Since  tlie  adhesion  does  not  allow  a 
separation  thiis  tendency  results  in  a  tension,  positive  in  the  outer, 
negative  in  the  inner  layer.  iSijice  all  niole(  nlar  layers  in  the  entire 
grain  behave  similarly,  the  positive  teiision  in  the  particles  of  each 
one  must  decrease  from  the  surface  to  the  centre  and  the  negative 
tension  increase.  The  tension  in  a  given  layer  must  act  on  the  next 
outer  layer  us  a  contracting,  on  the  next  inner  as  an  expanding  force. 
In  fact,  however,  the  nutritive  fluid  does  not  nourish  all  molecular 
layers  simultaneously  and  uniformly.  Its  concentration  diminishes 
as  it  approaches  the  centre.  'J'he  condition  that  the  outer  molecular 
layers  are  earlier  and  more  richly  uourished  than  the  inner  must  in- 
crease  the  tension  between  them.  That  the  outer  layers  have  a 
greater  tendency  to  expand  than  the  inner  is  proved  by  various  facts. 

**  So  soon  as  the  tension  under  which,  in  consequence  of  growth, 
the  molecular  layers  find  themselves  has  reached  a  certain  degree 
they  separate  from  one  another,  and  new  layers  are  deposited  between 
them.    This  will  occur  most  frequently  where  the  tension  most 
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eadlj  oremmes  the  adhesiye  foroe.  The  Adbeaion  k  directly  pro- 
portional to  the  superficial  area  of  the  molecular  layers.  The  tension  is 
primarily  present  as  a  surface  force,  and  it  is  merely  a  question  how  it 
is  changed  into  a  radial  or  separating  force*  Calculation  shows  (1) 
that  the  radial  force  which  holds  in  equilihrium  a  tangential  or  sur- 
face foroe,  in  a  system  of  spherical  shells  or  cylindrical  euTelopes  of 
like  thickness  and  similar  property  hut  of  different  sise,  stands  in 
inTcrse  proportion  to  the  length  of  the  radii ;  and  (d)  from  this  first 
i»ct  it  results  that  when  two  spherical  or  cylindrical  shells  in  contact 
with  one  another  and  of  like  thickness  and  elasticity  grow  by  like 
quotients  snperficlallyi  the  force  which  tends  to  separate  ,them  is 
inTersely  proportional  to  the  square  of  the  mdiua  The  molecular 
layers  are  so  much  the  easier  separated  from  one  another  as  they  are 

nearer  the  centre  of  stratification  

"The  larger  the  young  donRc  grain  becomes  the  greater  becomes 
the  unlikeness  in  density  and  cohesion  between  surface  and  centre, 
and  so  much  the  greater  becomes  the  negative  tension  in  the  inner- 
most part  of  the  mass,  and  the  tendency  to  dejwsit  material  there. 
When  these  ratios  have  attained  a  certiiin  value,  a  space  filled  with  toft 
material  is  rapidly  formed  in  tlic  coiitnil  point  of  the  grain.  A 
similar  process  occurs  8ubse<iuently  in  the  denpc  corWx,  and  later 
repeatedly  in  the  den^e  strata.  Th<'.«c  grow  tliickt-r:  j^o  so<»i  iis  they 
have  attained  a  certain  thickness  the  dissimilarity  of  tdision  in  outer 
and  inner  mnlcciilur  layers?  prod  need  hy  surface  LTowtli,  and  the 
'effort  to  se}mrate  from  one  anotiier,  become  so  conisliiciulilc  that  it 
Ciuinot  longer  be  nu-t  by  deposition  of  new  niaterial  of  similar  density. 
Thepe  refjults,  tlierefore,  are  actual  se|)aration  ;  a  space  tilled  witli  soft 
material  appears." 

£  believe  that  I  have  above  given  the  most  important  points  on 
the  theory  of  growth  of  simple  starch  grains.  Subsequently 
Nageli  endeavors  to  explain  the  occurrence  of  dense  strata  in 
soft,  and  in  the  kernel ;  also  the  condensation  of  soft  strata 
throughout  their  whole  thickness.  I  have  failed  to  completely 
understand  these  parts  of  his  work,  and  since  they  appear  to  me, 
for  reasons  to  be  immediately  stated,  much  less  essential  than  those 
dealing  with  the  formation  of  the  kernel  and  of  the  soft  strata,  I 
must,  so  far  as  they  are  concerned,  refer  the  reader  to  the  original. 

Some  of  the  phenomena  regarded  by  Nageli  as  undoubted 
are  only  assumptions  facilitated  or  made  probable  by  the  theory, 
namely  (1)  The  occurrence  of  new  strata  in  the  kernel.  (2)  The 
occurrence  of  new  strata  in  the  soft  ones.   (3)  The  condensation 
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of  the  Boft  strata  throughout  their  whole  tbiokness.  (4)  The 
abseDce  of  any  increase  in  thickness  in  the  ontermost  strata. 
With  reference  to  these  points  observations  are  entirely  wanting. 
They  could  only  be  establiahed  if  the  development  of  a  starch 
grain  conld  be  directly  watched,  or  if  it  was  so  far  the  same  for 
all  the  grains  of  an  organ  that  the  comparison  of  specimens  of 
different  ages  could  give  an  accurate  notion  of  the  developmental 
history  of  a  single  grain.  As  is  well  known,  neither  of  these 
alternatives  is  the  case. 

Moreover,  Nageli  himself  concedes,  with  reference  to  the 
forniation  of  dense  strata  within  soft,  that  lie  luis  made  no  sure 
observation  on  the  point.  "  Like  the  dense  strata,  the  soft,  with- 
out doubt,  also  split,  forming  two  Biiperiicial  soft  strata  and  a 
median  denser.  Jlowevery  this  jjmcem  is  only  seldom  and  to  a 
partial  extent  to  be  clearly  seen  ;  nmch  less  frequently  than  the 
division  of  the  dense  strata,  which  in  innnmerable  cases  presents 
itself  with  all  certainty."*  He  seems  als^o  to  have  Been  no  very 
clear  picture  of  the  occnrrence  of  dense  strata  in  the  nueleus. 
He  says  rather,  at  the  end  of  hi^  description,  referring  to  this 
point,  No  grains  were  drawn  wliich  give  an  accnrate  picture  of 
it.  One  can,  however,  form  a  tolerably  accurate  idea  by  the  aid 
of  Figs.  20  and  lil,  plate  XVII."  » 

The  most  important  of  the  phenomena  upon  which  Niigoli's 
theory  is  based  are,  however,  undonbted  facts.  The  develop- 
mental history  of  a  starch  grain,  as  deduced  with  certainty  from 
a  comparison  of  specimens  of  different  ages,  is  as  follows :  (1) 
The  appearance  of  starch  grains  in  the  form  of  strongly  refract- 
ing corpuscles,  poor  in  water;  (they  are  by  no  means  always 
spherical,  as  Nageli  assumes).  (S)  Differentiation  of  the  originally 
homogeneous  grain  into  a  central  kernel,  rich  in  water,  and  a 
peripheral  denae  stratum.  (3)  In  later  conditions  the  kernel  is 
surrounded  by  three  strata,  of  which  the  middle  one  is  always 
rich  in  water ;  such  a  layer  never  appears  as  peripheral,  and  it 
must,  therefore,  be  formed  through  a  cleavage  of  the  first  dense 
stratum.  (4)  The  number  of  strata  increases ;  but  the  outer  one 
is  always  dense.  (5)  As  the  starch  grain  increases  in  volume, 
the  proportion  of  water  in  its  inner  parts  increases. 

The  explanation  of  these  appearances  I  find  in  certain  long> 
known  physical  properties  of  starch  grains,  to  the  consideration 
of  which  I  now  proceed. 

»  S.  234.  » S.  233. 
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The  compression  of  a  starch  ipidti  leads  to  the  prodnction  of 
nnmeroiiB  clefts,  which  in  a  simple  grain  nsnallymnin  directions 
perpendicular  to  the  surfaces  of  the  strata;  never  parallel  to 

them.  Careful  crushing  of  the  <^rain8  under  water  does  not  as  a 
rule  split  them  into  fragments.  Tliey  appear  even  after  the 
action  of  very  strong  pressure  coherent,  greatly  flattened  struc- 
tures, traversed  by  numerous  radial  fissures. 

The  cohesion  of  a  starch  grain,  therefore,  varies  very  remark- 
ably with  the  direction  ;  it  is  bmail  tangentially,  very  great  radi- 
ally. In  the  latter  direction  its  substance  is  very  extensible, 
while  extensibility  in  the  tangential  direction  seems  almost  en- 
tirely absent. 

The  formaUan  of  defU  and  ike  fiaUeirwng  wre  not  the  only 
remiUe  when  eiarch  grains  are  crushed  f  on  the  eontrarff,  the 
grains  eatperienee  a  change  consisting  in  a  more  or  less  marked 
jelly-Uke  swelling* 

That  mechanical  means  bring  abont  the  tnmefaction  of  starch 
grains,  has  been  observed  by  Niigeli  and  Schwendener.*  Accord- 
ing to  them,  the  phenomenon  occurs  very  clearly  when  starch 
grains  are  cut ;  the  parts  adjacent  to  the  cut  surface  as^iume  a 
swollen  character.  According  to  W.  Niigeli-  this  gwellinL',  which 
occurs  whenever  a  starch  grain  is  subjected  to  mechanical  injury,  ift 
to  be  regarded  as  dependent  on  a  slight  degree  of  the  same  process 
which  takes  place  when  starch  is  boiled  in  water. 

The  phenomenon,  both  as  regards  amount  of  swelling  and  the 
place  where  it  ooonrs,  differs  with  the  strength  of  the  pressore  ex* 
erted.  Weak  pressure  leads  only  to  swelling  of  the  innermost  parte 
of  the  grain.  In  this  case  the  kernel  appears  as  if  considerably 
increased  in  sise^  since,  in  oonseqnence  of  the  pressure,  the 
layers  immediately  sorronndingit  have  become  entirely  like  it  m 
light-refracting  power.  The  enter  layers  only  swell  on  exposue 
to  stronger  pressure. 

The  swollen  part  contracts  on  drying;  its  light-refracting  power 
becomes  again  like  that  of  uninjured  grains,  except  the  most 
stronclv  swollen  parts,  which  remain  less  refracting.  A  second 
moistening  brings  about  renewed  swelling. 

■BasMikxoakop.  dAafl.S.433. 

'  Bdtrftge  znr  n&heren  Kenntnisg  dcr  St&rkegruppe,  8. 96.  Alter  very  Itiong 
swelling  oigSBic  coloring  matten  are  imbibed  in  small  quantily. 
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Meekanical  aeiioM  are^  therrforei  capajbie  of  imparting  U>  ike 
vxOeT'poor  porta  of  th$  Hareh  grain  ih0  eharaeUrkUe  properties 
of  the  water-rich  parts,  namely,  greater  toaterineee  and  Uaa  tight- 
refracting  potoer. 

Gotild  the  proof  be  forniahed  that  in  the  growth  of  starch 
grains  by  simple  surface  depositioD,  forces  were  set  in  play 
which  must  result  in  the  swelling  of  different  parts  in  such  a  way 
that  the  known  differentiation  of  the  grains  would  be  produced, 
theu  the  question  as  to  its  origin  migfit,  without  doubt,  be 
regarded  as  solTcd. 

According  to  Niigeli,  we  mnBt  regard  tensions  as  the  chief 
active  forces  in  the  differentiation  of  the  kernel  and  of  the  layers. 
These  teusioiis,  as  ehown  by  the  not  unfreqiient  j)re.-ioiice  ot" 
fissnres  in  starch  grains,  may  attuiu  considerable  intensity.  We 
have  to  more  closely  examine  the  cause  of  these  teusioiih  and 
their  possible  rf)le  in  the  development  of  the  starch  grain. 

That  starch  yraine  swell  in  water  has  been  generally  known 
for  mmc  time.  JVngeliy  howei^er^Jirst  showed  that  the  depoaUum 
of  water  did  not  occur  in  all  directions^  hut  i*i  much  greater 
parallel  to  the  siratijication  than  perpendicular  to  it. 

Among  otlier  things  this  (ronchision  is  based  on  the  direction 
of  the  fissures  that  take  place  on  drying;  this  is  always  perpen- 
dicnlar  to  the  stratification.  If  the  water  were  uniformly  dif- 
fused in  the  starch  grain,  then  clefts  must  occur  in  other  direo* 
tions  also.  The  great  extensibility  of  the  swollen  grains  in  a 
radial  direction  diminishes  very  considerably  with  loss  of  water, 
and  would,  therefore,  oppose  no  hindrance  to  the  formation  of 
fissures. 

The  unequal  deposition  of  water  sliows  itself  most  clearly 
when  one  suffers  the  starch  grain  to  swell  strongly  under  the 
influence  of  adds,  or  potash,  or  heating.  It  then  comes  out  in 
the  clearest  manner  that  the  maximum  water  deposition  is  par- 
allel to  the  stratification ;  the  least,  perpendicular  to  it  Nageli 
has  instituted  a  series  of  measurements  on  the  starch  grains  of 
Canna  and  of  Oureuma  sedoaria,  which  indeed  (since  the  strata 
are  not  even,  but  curved  in  an  hour-glass  form)  only  express 
the  relations  approximately,  but,  nevertheless,  give  some  idea  of 
the  greatness  of  the  difference ;  they  may,  therefore,  be  here 
repeated. 
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Canna} 

The  starch  grains  of  Oanna  have,  as  is  known,  a  flattened  form 

and  very  exceiitric  kernel ;  nio>t  of  the  strata  are  incomplete. 
On. swelling  a  deep  pit  is  formed  on  tlie  side  wliere  the  kernel  lies, 
in  consequence  of  the  preponderating:  extension  in  tlie  cross 
direction.  The  lontrth  of  grain  I  was  measured  to  tlie  bottom  of 
the  pit ;  that  of  grain  II  to  the  points  of  folds  on  each  side  of 
the  hollow.  In  the  latter,  therefore,  the  difference  given  is  too 
small. 

I.  n. 

Length  ot  grain.      Breadth.  Lengtli.  Breadth. 

Before  swelling,  61  14  74  55.5 

After  swelling,  100  150  240.5  203.5 

Ratio,  1:1.6  1:11  1:3.2  1:3.7 

Increase  per  cent,,  64  971  225  2H7 

Ourevma  zedoaria.^ 

The  starch  erains  of  Curcuma  sedoa/ria  have,  as  known, 
essentially  tlie  same  structure  as  those  of  Ca/tina^  and  as  regards 
swelling  behave  similarly. 

Limgtb  of  gxaiD.  Brt>adth. 
»  *  >    *  *-  "  » 

1.         9.         8.         1.         2.  a. 

Unchanged,  59  59       6fl  28  28  25 

After  swelling,  85  77        90  87  98  105 

Ratio,  1:1.4  1:1.3  1:1.4  1:3.1  1:3.5  1:3 

Increase  per  cent.,  44  31       36  211  250  200 

The  appearance  is,  however,  so  conspiciions  that  direct  meas- 
urements are  not  necessary  in  order  to  convince  oneself  of  the 
want  of  uniformity  in  the  swelling.  Figs.  21  and  22  show  a  starch 
grain  of  Canna  before  and  after  swelling. 

Another  noteworthy  appearance,  brought  about  by  the  pre- 
ponderating swelling  in  the  transverse  direction,  is  the  concave 
folding  of  the  cut  surface  of  starch  grains  which  have  been 
bisected  through  the  kernel.  One  readily  obtains  snch  grains  on 
cutting  a  Cwma  rhizome  with  a  sharp  razor. 

Tha  ^pTedAmiwrnee  of  ike  tangential  direcHans  when  compared 
vfith  radial  as  regards  water  depodtiony  hrings  ahaut  iensioM, 

'Xoceit.  8.76.  'S.77. 

1 
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If  the  starch  grain  cannHed  of  loose  moleeular  laiyere  these  would 
separate  from  one  another  when  the  grain  swelled  up;  hut  sines 

the  layers  actually  cohere  firmly^  each  layer  is  strained  positiwely 
tmth  reference  to  the  one  on  its  inner  Muh\  and  negatively  with 
reference  to  that  on  it^  outer  side.  These  readily  comprehensible 
consequences  ot  luiitbrm  surface  iiicrciuse  of  the  molecular 
layers,  without  c  orresponding  radial  increase,  have  been  arrived 
at  by  Nfigeli  l>v  means  of  calculation. 

If  the  ft  ustoiis  have  reached  such  int€n''<(fi/  that  the  limit  of 
elasticity  in  e.freedt'd^  and  the  layers  r^n  in  nmsei/ifmee  follow 
their  tendency  Up  tsejiarate^  thin  cannot  occur  throiujh  (he  fonna- 
tinn  of  fissures  r>inii  !iit/  purallel  to  thr  strati  peat  i<nt^  as  N<iyel,i  as- 
sumes. The  earlier  Jescrllx  d  appearances  of  ctmipressed  grains 
show,  on  the  contrary^  that  a  traction  acting  vertical  to  the  lay  ere 
can  j/roduce  an  extension^  but  not  a  t^ariny  in  that  direct  ion, 
2^he  starch  grains  can  he  extended  by  irresstwe  to  the  extent  of 
Severn  I  d  iam^rs  without  the format  io7i  of  tangential Jissures*  The 
sfretc/dngj  haicever,  causes,  as  shown  by  the  same  exper  'Mnent.s,  a 
swM,ng-up  of  the  substance^  whit^  assumes  the  eharaeteristie 
properties  ofihefMrre  waterf/ parte  of  the  normal  stareh  grain. 

If  we  seek  to  take  into  account  the  effect  of  these  tensions  on 
the  developing  stareh  grain^  we  find  that  the  formation  of  the 
kernel  and  of  the  soft  strata  aetuaUy  occurs  where  these  tensions 
must  esshihit  themselves* 

The  developmental  bistotj  of  a  starch  grain  is,  without  donbt, 
as  follows.  It  consists  originall  j  of  homogeneoos,  dense  material. 
When,  in  consequence  of  non^nniform  water  deposition,  the  in- 
creasing tensions  have  attained  such  a  degree  that  the  elasticity 
of  the  grain  can  no  longer  resist  them,  the  material  in  the  centre 
of  tlie  grain  mnst  be  extended  and  brought  into  a  condition  of 
greater  swelling  and  less  light-refracting  power.  Observation,  in 
fact,  shows  that  when  a  starch  grain  has  exceeded  a  certain  size, 
a  less  refracting  strongly  swollen  spot,  the  kernel,  appears  in  its 
centre.'  The  central  formation  of  tlie  kernel  depend?,  Na^cli 
hart  |>rovt'd  by  calculation,  on  the  fact  that  action  of  the  tensions 
is  there  most  powerfully  exhibited.    As  regards  this  point  it 

■  Compare  the  representation  of  the  formation  of  the  nucleus,  as  given  by 
N«ge]i,i.e.  8.300. 
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natarally  amounts  to  the  same  thing  whether  the  tendons, 
as  NSgeli  aflsnmee,  depend  on  an  nneyen  depoeition  of  starch 
molecnlesy  or,  as  I  (basing  my  belief  on  obsenration)  contend, 
npon  a  non-nniform  deposition  of  water  nioleoales. 

The  formation  of  the  kernel  causes,  of  coarse,  a  diminatiun  of 
the  tensions.  Throngh  the  deposition  of  new  material  they 
soon,  however,  increase  again  in  the  dense  stiatnm  snrroanding 
the  keniel,  and  finally  become  sufficient  to  overcome  the  elss- 
tidty.  For  reasons  already  stated  there  then  occurs,  not  a  tearing 
of  the  layer  into  an  inner  and  an  enter  part,  but  a  straining,  in 
eonseqnenoe  of  which  the  starch  substance  in  the  middle  of  the 
layer  becomeB  swollen  and  less  light-refracting.  The  simple 
dense  stratum  becomes,  in  other  words,  difterentiated  into  three ; 
a  median  tioft,  and  an  inner  and  an  outer  dense.^ 

'I'he  peripheral  dense  stratnin  now  behave?  exactly  like  that 
which  first  arose  through  dift'ereutiation  of  the  homogeneous  grain. 
When  the  tensions  have  attained  a  certain  intensity  it  experi- 
ences a  strain  in  its  middle,  through  which  a  soft  stratum  is  pro- 
duced— and  bo  on. 

Throngh  the  deposition  of  new  materiHl  the  inner  part£  of 
the  Ftareh  iz;rain,  as  a  whole,  become  constantly  njore  expanded 
by  the  outer.  On  the  one  liand  there  results  from  this  a  drag 
on  the  inuor  sott  strata,  in  eoiisequence  of  which  tliey  inerease 
in  bulk  and  in  tendency  to  swell  up.  On  the  other  hand  it  is 
also  probable  that  dense  strata  are  likewise  afiected,  and  the 
water  in  them  increased. 

The  radial  fissures,  often  present  in  fresh  starch  grains,  as  well 
as  the  partially  compound  grains,  to  be  later  discussed,  are  to  be 
ascribed  to  the  strain  exerted  by  the  outer  parts  upon  the  inner. 
That  these  clefts  only  depend  upon  non-uniform  distribution  of 
water  is  taught  by  the  appearance  which  such  grains  present  on 
slow  drying.  Those  of  beans,  for  example,  whieh  commonly  ex- 
hibit gaping  clefts,  completely  lose  them  on  drying,  the  loss  of 
water  bringing  about  a  diminution  of  the  tensions.  Since,  how- 
ever, the  inner  parts  are  richer  in  water  and  poorer  in  solids  than 
the  outer,  they  contract  more  than  the  latter  on  complete  or 
nearly  complete  drying;  they  pass  again,  therefore,  into  their 

*  Compare  Nftgeli,  i,c  8.  810. 
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earlier  state  of  neprative  tension,  and  this  is  associated  with  the 
reappearance  of  tlie  fissures. 

"More  powerful  swelling  reagents,  of  course,  bring  about  an 
incr(;is('  oi'  tlie  tensions  in  each  layer.  A  priori  it  is  hi|j:;}ily 
probuhjo  that  the  effort  of  tlie  iiiolecnlar  layers  t(»  separate  from 
one  anotlier  would  thereby  be  increased  sufhcieiitly  to  overcome 
the  elasticity  in  fresli  places.  In  other  words,  the  original  dense 
strata  would  experience  in  their  middle  a  strain,  and  in  conse- 
quence a  stronger  swelling  of  their  substance;  that  is,  would 
differentiate  into  three  strata.  This  view  again  stands  in  full 
agreement  with  the  fact  that  stronger  swelling  is  associated  with 
the  occurrence  of  numerous  new  soft  strata  where  none  were 
previously  visible ;  that  is  to  say,  where  the  tensions  previonslj 
had  not  been  strong  enough  to  overcome  the  elasticity. 

Strong  swelling,  however,  is  also  associated  with  a  consider- 
able increase  of  the  strain  exerted  by  the  outer  strata  upon  the 
central  parts  of  tho  grain;  these,  therefore,  experience  a  stronger 
drag.  We  see  In  fact  that  the  inner  parts  at  first  become  greatly 
extended  in  a  radial  direction  by  means  of  the  outer,  and  that  at 
last  they  are  forcibly  torn  from  one  another,  so  as  only  to  present 
swollen  fragments  in  a  large  central  cavity. 

In  accordance  with  the  fore^^oing,  the  differentiation  of  starch 
grains  into  regions  of  unlike  wateriness  presents  itself  as  the 
necessaiy  result  of  certain  of  their  physical  properties,  and 
requires  for  its  explanation  no  assumption  of  a  growth  by  intus- 
susception. 

It  need  not  be  pointed  out  that  cohesive  or  elastic  properties, 
the  action  of  mechanieal  influences  upon  tiie  swelling  power  of 
starch  grains,  and  finally  the  unequal  extension  in  tangential  or 
radial  directions,  are  properties  which  the  grain  may  acquire 
throiijudi  i^rowth  by  appofcilion  ati  well  as  by  intussufeception ; 
they  alone  are  the  grounds  upon  which  my  explanation  rests. 

That  the  capacity  of  the  starch  grain  to  lay  down  water  in 
no  way  proves  that  it  is  permeable  also  for  the  dissolved  sub- 
stances out  of  wlilcli  the  grain  is  built  up,  needs  no  special 
discussion.  We  tind,  indeed,  that  the  starch  grain  is  not  per- 
meated by  many  solutions  rfor  examj)le  of  organic  coloring  mat- 
ters), which  are  absorbed  readily  by  cull  membranes  and  protein 
crystalloids.   Even  assuming  such  permeability,  we  would  be 
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far  froin  justified  in  believing,  on  that  p-oimd  alone,  that  there 
al^o  occurnnl  ;i  change  of  the  amylaceous  hubbtanceb  into  starch, 
and  a  depo>ition  of  the  molecules  f;o  funned  between  those  already 
present.  We  are  just  as  little  justified  in  assnniin^i;,  betbi-*»  it  lias 
been  definitely  proved,  tiiat  along  with  appr»sition-L!;routli  in 
starch  grains  some  little  growth  by  intnssusee]»tiun  occurs,  as  we 
would  be  in  making  the  same  aseuinptiou  with  reference  to  a 
crystal  of  quartz  or  ealc-spar. 

In  connection  with  the  difference  as  to  water  contents  between 
small  starch  grains  and  the  inner  Bet  of  layers  of  lai^r  grains, 
the  ditt'eronces  of  form  sometimes  ob6er^'ed  may  be  mentioned. 
Kageii  does  not  appear  to  have  laid  much  weight  upon  these 
appearances,  and  only  speaks  of  them  very  briefly.*  According 
to  him,  in  Pimm  and  other  Papilionaceae,  the  small  grains  are 
broader  than  the  kernels  of  the  full-grown  grain .  This  is  quite  t  me 
if  one  compares  the  small  and  large  grains  of  ripe  seeds.  The 
younger  developmental  stages  of  the  laiger  grains  have»  however, 
no  resemblance  to  the  spherical  or  sub^herical  small  grains 
which  are  present  in  ripe  or  nearly  ripe  seeds ;  they  are  thin, 
spindle-shaped,  corroded,  and  resemble  in  form  the  nucleus  of 
the  large  grains.  In  the  root-stock  of  Canna  are  sometimes 
imbedded  in  the  large  grains  **8ets  of  layerp  of  lancet-like  or 
linear  spindle  form,  such  as  no  grains  resemble  in  shape  or  struc- 
ture." A  figure  is  not  given,  but  reference  made  to  a  similar 
structure  depicted  from  Cereva  variabilis.  From  this  Hgure  and 
from  the  description  I  believe  myself  able  to  conclude  that  we 
have  here  to  do  with  an  inner  set  of  layers  such  as  shown  in  one 
of  my  figures  (Fig.  20');  but  we  find  in  this  case  independent 
grains  of  the  same  form  present,  as  Fig.  19  shows.  I  have  not 
been  able  to  examine  the  root-stock  of  Dentarla. 

III. 

According  to  Njigeli  tlie  uncfjual  growth  in  different  diame- 
ters of  many  starch  grains  is  not  <'om|)atil)le  with  external  depo- 
s*ition.  It  would  be  incomprelieusil>Ie  that  free  floating  starch 
grains  should  increase  seventy  times  more  on  one  side  than  on 
the  other." 

^Lac  dL  S.  219. 
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The  explanation  which  he  gives  of  this  phenomenon  is  some- 
what indefinite.   Its  cause  is  to  be  sought  in  the  arrangement 

of  the  smallept  particlee,  and  in  the  fact  that  on  account  of  dif- 
ferences of  coliesion  in  different  places  more  material  is  deposited 
iii  some  than  in  others. 

The  intussusception  theory  can  givt-  no  v<'rv  8ati?factory  expla- 
nation concerning  the  causes  of  this  unlike  uri atigement  and 
cohesion,  which  is  ari'<rnlar  ])hciioiiierioii  in  certain  plants,  him!  as 
regularly  is  ahsent  in  others  ;  !ind  for  each  species  is  so  constant 
that  in  it  <»nly  fornl^  of  <»ne  and  the  same  type  a})|)ear.  With 
reference  to  it  Na<;eli's  words  are,  "Since  tiie  nutrition  depends 
not  on  external  relations  hut  on  internal  causes,  the  deviations 
which  the  starch  ;L!;rains  show  later  in  structure  and  form  must  be 
already  present  in  their  earliest  beginnintr  in  the  spherical 
smallest  grains ;  this  is  conceivable,  as  the  original  spheres  are 
formed  under  ditferent  specific  relations.  They  show  accord- 
ingly in  the  arrangement  of  their  smallest  particles,  and  in  the 
nature  of  these,  specific*,  modifications  from  which  of  necessity 
the  entire  peculiar  growth  results.^' 

The  mode  of  growth  of  starch  grains  is,  according  to  Nageli, 
dependent  only  on  internal  causes;  external  influences  could 
not  bring  about  an  uneven  growth,  but  only  exert  a  determining 
influence  upon  the  direction  of  most  or  least  growth.  Excentric 
starch  grains  would  grow  most  where  they  obtained  the  most 
dilute  solution.  This  is,  acconling  to  NSgeli,  especially  clearly 
the  case  in  compound  and  partially  compound  starch  grains,  in 
which  the  directions  of  greatest  growth  are  directed  towards  the 
centre  of  the  grain.  So  also  should  be  explained  GrugerV  state- 
ment that  excentric  starch  grains  arc  attached  by  the  hinder  end  to 
the  primordial  utricle  or  the  protoplasm.  The  close  agreement 
of  secondary  grains  and  simple  grains  as  regards  increase  of 
volume  and  density  of  the  material  along  the  long  and  short 
radii,  supports  throughout  the  view  that  the  plasma  in  contact 
with  the  hinder  end  acts  like  starch  substance,  and,  therafoie, 
cither  entirely  prevents  the  access  of  nutritive  liquid  or  only 
allows  a  more  dilute  solution  to  pass."* 

That  the  form  of  starch  grains  is  primarily  deterinined  by  the 
mode  of  nutrition,  I  have  pointed  out  in  a  former  work.'    i  have 

<  Bot  Ztg.  1864.  *  Nft^eli,  I  c.  S.  827.  »  Bot  Ztg.  1880. 
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shown  that  eentrio  starch  grains  arise  when  they  are  snrronnded 
ring-like  bj  starch-producing  plasma  (cblorophyl  grain  or 
Btareh-former ;  and  that  excentric  grains  arise  at  the  peri- 
plierj  of  the  formatiTe  centre,  and  grow  fastest  at  the  points 

ill  contact  with  it. 

The  flat  i^rains  with  central  kernel  originate  in  lenB-ehapcd 
chluroplijl  grains,  and  their  broad -sides  are,  as  Nageli  has  already 
pointed  out,  parallel  to  tliose  of  chhirophyl  grainp.  The  elon- 
gated Btarch  grains  of  heaDs  and  some  otlier  PajulionaceSB  are 
formed  in  spindle-sliaped  <*hlor()])liyl  grains,  with  their  long  axis 
parallel  to  that  of  the  latter.  Flat  exeentrie  starch  grains  {e.  g. 
C'/nrrfi,  Phdj Uf(  (jraiidifol I us\  are  nourished  bv  a  formative  maBS 
(*'  stnrfli-foriiier "  or  chlorophjl  grain)  which  cou^^e^^  along  tlu'ir 
hifulurend.  These  plienoinena  can  only  be  explained  through 
unequal  nutrition. 

The  relations  In^tween  tlie  growth  of  the  starch  grain  and  the 
supply  of  nourishing  liquid  are,  finally,  exactly  what  they  should 
be  in  a  body  growing  by  apposition. 

Excentric  starch  grains  only  teaching  the  formative  organ 
with  one  part  of  their  surfaee,  increase  not  only  at  this  point ; 
all  or  nearly  all  of  the  grain  is  recognizably  in  growth.  This 
growth  is  fastest  at  the  point  of  contact,  and  diminishes  rapidly 
as  the  distance  from  this  increases,  so  as  to  become  extremely 
small  at  the  anterior  end  of  the  grain,  at  least  when  the  latter 
has  attained  a  tolerable  size.  This  point  calls  for  more  minute 
discnesion. 

If  we  seek  to  form  a  conception  as  to  how  a  starch  grain  is 
nourished  by  its  mother  material,  we  can  hardly  conceive  of  the 
latter  except  in  the  form  of  a  eolution  which  impregnates  the 
formative  organ.  We  may  leave  it,  however,  nndecided  whether 
it  is  uniformly  distrlbnted  through  this  organ,  or  (what  is,  per- 
haps, more  probable  in  the  case  of  peripherally  originating 
starch  grains)  is  limited  to  certain  parte  of  this.  In  either  case 
capillarity  will  lead  to  the  accumulation  of  a  layer  of  mother 
liquid  between  the  starcli  granule  and  its  supporter.  The  farther 
necessary  condition,  that  the  nutrient  matter  shall  not  rftmain 
confined  to  this  spot,  is  also  fulfilled.  A  starch  grain  and  il8suj>- 
porting  formative  organ,  as  we  know,  do  not  lie  in  the  cell  sap, 
but  imbedded  in  protoplasm,  and,  as  ilauisLein  first  recognized, 
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the  protoplasm  is  espuciallj  dense  where  in  contact  with  the 
starch  ^ain.  If  we  imagine  for  a  moment  the  starch  <^rairi  and 
its  nourislior  surroniided,  not  l)v  protoplasin,  but  by  a  jelly-likt) 
substance,  then,  th roll Lrh  ctipil  I  iry  action  all  around  the  starch 
grain,  water  would  be  di  a\\  ii  Irom  the  jelly  and  collect  between 
the  two  in  a  thin  t^tratum.  This  layer  of  water  would  neccft- 
garily  be  continuuuh  with  that  collection  of  nutritive  liquid  sepa- 
ratinji  the  starch  grain  from  its  t'«  rusative  lK)dy,  and  would  con- 
sequently obtain  the  properties  ol"  a  nutrient  liquid,  and  afford 
the  Ktarc'h  ^rain  with  TiiMtf'rial  for  L'rnw'th,  diminishing  in quaatitj 
with  di.^tanco  from  the  nutritive  orjjcan. 

if,  however,  we  assume  that  tluj  water  or  watery  solution  im- 
pregnating the  jelly  is  so  combined  with  it  as  not  to  be  capable 
of  extraction  by  capillarity,  then  the  layer  of  nutrient  liquid 
between  tlie  starch  grain  and  its  formative  body  will,  under  the 
influence  of  the  same  force,  spread  all  over  the  grain.  In  this 
case  also  the  rate  of  growth  would  diminish  with  increase  of 
distance  from  the  formative  focus. 

Protoplasm,  however,  cannot,  without  much  qualification,  \m 
compared  to  an  ordinary  jelly* like  substance,  and  I,  therefore,  do 
not  maintain  that  either  of  the  above  given  explanations  of  the 
mode  of  nourishment  of  the  starch  grain  is  the  correct  one; 
though  I  think  it  highly  probable.  The  illustrations  mainly 
serve  to  show  that  bo  far  as  analogies  are  concerned  we  arc  led 
neceesarily  to  a  phenomenon  of  the  same  kind  as  that  which  we 
do  actually  find,  and  that  for  its  explanation  the  assumption  of 
an  intussusception  is  by  no  means  essential. 

IV. 

It  is  well  known  both  partially  (compound  and  perfectly  com- 
pound starch  grains  have  yielded  to  Nageli  diifcrent  points  of 
support  for  the  theory  of  intussusception.  The  following  are 
those  phenomena  which,  according  to  him,  are  not  in  harmony 
witii  the  theory  of  growth  by  apposition.' 

1.  The  difference  of  form  between  the  secondary  grains  of  a 
partially  compound  and  perfectly  compound  starch  grain  on  the 
one  hand,  and  simple  grains  of -the  same  size  on  the  other. 

•  p.  233. 
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The  former  ha^e  hemiapherioal,  angular,  disooid,  or  elongated 
shapes,  mhile  the  latter^the  Bimple  graine — are  epberical.  A 
development  of  tlieee  forma  through  fusion  of  simple  isolated 
gruinB  cannot  be  admitted,  because  the  grains  float  free  in  liquid. 

2.  Whenever  the  secondary  grains  possess  exoentric  kernels, 
these  lie  upon  the  outer  side,  awaj  from  the  surfaces  of  contact 
of  the  secondary  grains. 

This  position,  aside  I'roiii  comc  peculiar  uxeeptioiis  which 
stanti  ill  precise  relutiun  with  the  irregular  stratification  of  simple 
grains,  is  everywhere  constant.  The  regularity  would  be  in- 
expii(  :il)le,  liowever,  upon  tlie  theory  of  a|)po8ition  ;  at  least  the 
reason  why  the  grains  are  always  united  by  their  posterior  ends 
would  not  l)e  upnurent. 

3.  The  oecurreTi  (  ot'  clefts  between  the  secondary  grains.  The 
latter  could  not  have  been  from  the  first  enveloped  in  this  man- 
ner hy  the  external  snbstanee  ;  the  splits  must  have  arisen  sub- 
sequently— a  point  which,  according  to  Kageli,  can  be  explained 
only  through  internal  growth. 

4.  Specially  important,  according  toNageli,  are  the  difierenoea 
in  substance  between  the  secondary  grains  of  partially  com- 
pound grains  and  simple  ones  of  similar  size.  The  latter  are 
composed  of  comparatively  anhydrous,  the  secondary  grains,  of 
watery  substance. 

The  explanation  which  the  theoiy  of  intussusception  gives  of 
these  phenomena  seems  to  me  far  from  clear;  at  any  ratCi  like 
Sachs,^  1  have  been  unable  to  grasp  it 

The  conditions  which  disturb  the  couceutrie  and  radial  arrange^ 
ment  of  the  component  parts  may  reach  snch  a  degree  in  certain  parts 
of  the  grain  that  the  molecular  forces  of  the  snrrounduog  stratified 
substance  may  be  no  longer  able  to  control  the  new  depositions.  The 
latter  then  proceed  in  the  same  way  as  if  they  took  place  free  in  the 
cell  fluid,  where  starch-forming  goes  on  undisturbed  by  external  in- 
fluences. In  this  way  is  formed  a  complex  of  component  parts  which 
begins  to  stratify  concentrically,  and  results  in  a  secondary  grain 
similar  in  its  development  to  a  perfect  starch  grain.  These  dis- 
turbing conditions  find  freest  play  where  the  molecular  layers  ex- 
hibit the  greatest  tendency  to  separate  one  from  another,  namely,  dcse 
to  the  periphery  in  the  neighborhood  of  sharp  comers,  edges  and 

'  Exp.  Pbyaiologie,  S.  421. 
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elevations,  ii6  well  ;k;  m  the  centre  of  st rutiiication  itself,  whore,  in- 
stead of  one,  two  or  more  new  kernels  may  arise.'" 

The  formation  of  clefts  between  the  secondary  grains  is  to  be 
regarded  as  a  conBeqnence  of  the  weak  cohesion  at  this  spot,  in 
which  the  arranii^ement  of  the  molecules  in  the  conree  of  these 
secondary  formations  has  salfered  the  greatest  disturbance.  The 
outer  portions  of  the  secondary  grain  are  fed  by  a  more  concen- 
trated solution  than  the  inner  portions;  for  this  reason,  tlie 
latter  less  cohesion  and  consequently  exhibit  more  rapid 

growtJ^. 

The  proofs  that  compound  and  partially  compound  grains 
originate  by  division  and  not  by  fusion  of  simple  grains  are  in 
part  no  longer  cogent.  First  of  all,  as  regards  l^e  angular  form 
of  the  secondary  grains,  it  is  indeed  clear  that  it  cannot  be 
acoounted  for  by  compression  of  the  grains.  Nevertheless,  the 
samo  phenomenon  occurs  in  numerous  oi^nized  bodies  whose 
origin  by  apposition  is  undoubted ;  for  example,  to  mention  a 
case  with  which  botanists  are  familiar,  in  the  sphero-crystals  of 
inuline,  for  which  n  correct  explanation  has  been  given  by  Sachs.* 
The  flattening  is  due  simply  to  this,  that' growth  naturally  stops 
at  the  surfaces  of  contact  of  two  or  more  bodies  which  touch  one 
another. 

As  to  the  greater  softness  of  the  contents  of  the  secondary 
grains  of  partially  compound  forms  in  comparison  with  the  con- 
tents of  simple  grains  of  e<|ual  size,  this  is  the  necessary  conse- 
quence (precisely  as  for  the  contents  of  large  simple  grains)  of 
the  tension  exerted  upon  the  inner  strata  by  th<^  outer,  and 
requires,  after  wliat  has  l»een  said  in  the  second  flection,  no  fur- 
tJier  remark  or  explanation.  The  splits  ])et\veen  the  secondary 
grains  are  doubtless  to  he  ascribed  to  the  same  thing.  That 
originally  separate  secondary  grains  which  by  suHsequent 
growtli  coiDP  to  touch  one  another  and  to  l)e  surrounded  l)y  com- 
mon stratiiications,  adhere  but  feebly  to  their  fastenings,  and  hence 
can  easily  be  separated  by  mechanical  conditions,  is,  li  priori^ 
probable,  and  is  proven  by  this,  viz.  that  compound  grains 
which  have  undoubtedly  arisen  by  the  fusion  of  free  simple 
grains  break  up  easily  under  pressure  into  their  secondary 
grains.- 

'  p.  294«  cf.  aleo  p.  823  «( My.  *  Bot.  Zeituog,  1864. 
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On  the  other  hand  il  is  tar  more  dilficult  to  reconcile  with  the 
theory  of  growth  by  apposition  the  Btateiiient  that  in  the  excen- 
tric  secondary  grains  the  kernels  always  lie  on  the  periphery. 
If  it  were  shown  to  be  indeed  true  that  forms  siich  as  those 
shown  in  Fig.  9''  have  developed  from  forms  like  9//.  the 
developmental  history  would  furnish  the  most  enigmatic  con- 
tradictions. The  rhizome  of  CJfii#ma,*  where  partially  compound 
grains  are  very  common,  offers  a  superior  field  for  investiga- 
tioDS.  In  this  plant  the  attempt  was  made  to  obtain  a  pic- 
ture of  the  developmental  history  of  the  partially  compound 
grains  (Figs.  10-16).  Close  to  the  jpunahtm  vegetationia  one 
finds  in  the  first  place  only  simple  grains  which,  approxi- 
mated in  pairs  or  threes  (at  this  level  seldom  laore),  are  seated 
upon  the  starch-formers."  At  somewhat  lower  levels,  com- 
pound forms,  having  two  or  three  members  and  usually  a  clear 
kernel,  are  abundant.  That  these  have  originated  by  the  fusion 
of  simple  grains  is  put  beyond  doubt  by  their  position  upon  the 
compound  grains,  by  the  corresponding  disappearance  of  groups 
of  simple  grains  made  up  of  two  or  three  members,  and,  finally,  by 
the  total  absence  of  forme  which  might  be  looked  upon  as  devel- 
opmental stages  between  a  simple  and  a  compound  grain.  Strati 
fication  is  present  very  early,  but  this  is  difiicult  to  detect  in  the 
secondary  grains  on  account  of  the  marginal  shadow.  A  little 
tiirther  from  the  apex  of  the  rhi/ume,  however,  will  be  lound 
some  few  Ptratiheations  (to  some  extent  shared  in  common) 
upon  the  secondary  grains.  J7te  moat  vigoronn  growth  will  he 
fmiud  to  have  iaksn  plaee^  however,  contrary  to  the  statement  of 
^dgel  't,  peiyendieular  to  the  aids  jmning  the  kernels  and  cor* 
responding  to  the  position  of  the  starchrformer.^^  The  com- 
parison of  the  stages  of  development  in  sections  taken  further 
and  further  from  the  growing  point  demonstrates  a  steady  sub- 
sequent development;  the  axis  of  strongest  growth  and  the 
position  of  the  kernels  remain  unchanged,  at  least  in  so  far  as 
the  average  distance  of  these  latter  can  be  made  out  in  the 
partially  compound  grains  of  sections  of  varying  age.  In  the  full 
grown  parts  of  the  rhizome,  finally,  grains  occur  like  that 
depicted  in  Fig.  16. 

'In  Str:i;^bnrf;  I  C.  f;i{/antm,  in  Bakiinnrc  n  spcctos  unknown  to  me, 

but  agreeing  tUroughout  with  V.  gigaiUm  in  respect  V3  the  starch  grains. 
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The  laige  gniiDS  having  multiple  kmnels  fonnd  in  Canna  and 
tbe  potato,  are,  according  to  Niigcli,  thoee  which  have  jnat 
undergone  division  of  their  kernele ;  but  one  does  not  disco vor 
anywhere  in  the  worke  of  Nageli  upon  what  this  statement  is 

tbuiided,  and  we  are,  thereiore,  juetiticd  in  }i88Ui)iin^  that  it  is 
not  a  result  of  the  comparison  of  starch  ^luiuK  found  in  sections 
of  tissueti  of  various  Jigee,  but  that  it  rcfets  upon  purul)'  theoretical 
assumptions,  wliich,  when  once  the  theory  of  intussusccj)tion 
yeenicd  to  be  proven  by  other  phenomena,  were  justified,  for  then 
any  other  explanation  was  quite  impossible. 

Partially  compound  forms  are  indeed  tbund  in  the  rhizome  of 
Canna  having  keraels  far  aj)art  (Fig.  17  h)^  or  iigain  some  in 
wliicii  the  a.xes  of  strongest  tnowth  of  the  sMicondary  grains  are 
turned  toward  each  other  i  I'  ig.  is.);  these,  however,  are  scarce 
in  conij)anson  with  those  having  ai)})r()xirnate  kernels,  and  are 
easily  accounted  for  by  the  fusion  of  two  grains  which  either  lay 
upon  a  single ''starch-former,'-  but  at  some  distance  from  each 
other,  or  were  produced  from  dilferent  "starch-formers."  The 
starch  grain  depicted  in  Fig.  1 7  h  is,  for  example,  to  l)e  regarded 
as  a  more  advanced  developmental  stage  of  a  twin  grain  like 
that  in  Fig.  17  flf. 

The  partially  compound  grains  of  the  rhizome  of  Oinitu  arise, 
therefore,  from  the  fusion  of  originally  free  simple  grains.  The . 
same  explanation  suffices  for  the  grains  of  the  pith>parenchyma 
of  Cereua  specionMimw,  which  afford  the  most  beautiful  illus- 
tration of  the  same  mode  of  development,  since  they  actually 
exhibit  the  two  angular  corroded  original  masses  imbedded  in 
denser  and  not-corroded  substance  (Fig.  6  h). 

Taking  into  account  the  phenomena  above  described,  it  seems 
almost  certain  that  the  partially  compound  grains,  which  are 
much  more  abundant  in  the  potato  than  in  CanTUtt  and  which 
have  kernels  removed  far  apart,  have  originated  by  the  fusion  of 
simple  grains.  (Jnfortnnately,  it  is  not  (yrasible  in  the  potato,  as 
it  is  in  the  Ocmna  rhizome,  to  get  a  complete  developmental 
history  of  these  grains  by  the  comparison  of  sections  made 
through  regions  of  different  ages,  so  that  we  must  bo  contented 
with  the  endeavor  to  answer  tlie  qiiestion  how  a  fusion  of  two  or 
more  grains  by  tlieir  posterior  ends  could  conceivably  occur.  In 
most  organs  of  plants  which  possess  ex^entric  starch  grains,  the 
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cblorophyl  grains  or  the starch-formeiB  *'  frequently  exhibit,  as 
I  have  pointed  out  in  my  earlier  work,  staieh  grama  lying  at 
two  or  more  points  of  their  periphery.  Wherever  two  starch 
grains  lie  opposite  to  one  another,  tlieir  posterior  ends  will  natnr- 
ally  be  turned  toward  each  other.  The  formative  area  gradually 
diminishes  when  the  starch  grains  have  surpassed  a  certain  size ; 
after  a  certain  time  only  a  thin  stratum  exists  between  them,  and 
this  finally  wholly  disappears.  Both  grains  have  now  fused  into 
one  compound  grain  whose  kernels  are  remote  from  each  other. 
The  separate  stages  of  this  process  can  be  followed  withont  diffi- 
cnlty  in  the  rhizome  of  Iris  Jhrentina.  Developmental  stages 
like  those  represented  in  Fig.  8  prove  that  the  compound  grains 
in  the  potato  wliich  liave  kernels  remote  from  each  other,  have 
arisen  in  this  way ;  the  ti^ure  is  taken  from  the  rind  of  a  young 
greened  potato.  At  a  the  greened  "starch-former"  is  seen 
reduced  to  a  tliiii  di^k  between  the  two  grain ^ ;  at  tiie  periphery  it 
exteiidfi  ln.'y<>n(l  tlie  trrainj^  as  a  thick  swollen  ring.  Between  the 
secondary  grains  ctt  the  grain  depicted  in  s  />  tliere  is  found  no 
longer  any  trace  of  the  starch  t'orniini,'  organ  ;  except  a  swollen 
renmant  of  it  which  remains  like  a  girdle  around  the  basal 
part?  of  the  grains.  This  outer  part  of  the  starch-forming 
organ  will  continno  to  form  starch:  since  both  grains  touch  each 
other  the  newly-formed  strata  will  be  common  to  both,  in  other 
words  the  compound  forms  will  have  been  converted  into 
partially  compound  forms  (Fig.  H  c).  So  far  as  concerns  jprains 
like  those  depicted  in  Figs.  9  a — they  can  have  originated 
only  by  the  early  fusion  of  two  simple  grains,  which  lay  upon 
the  starch-forming  organs  in  an  approximate  rather  than  remote 
position,  as,  for  example,  we  have  proven  to  be  the  case  in  the 
grains  of  Canna, 

So  far  as  my  observation  goes,  in  Phajiis  grandifolim  occur  only 
partially  compound  grains  which  have  the  direction  of  strongest 
growth  perpendicular  to  the  line  of  union  of  the  kernels.  This 
depends  on  the  fact  that  in  this  plant  the  rod-shaped  starch 
forming  organs  hear  starch  grains  only  on  one  side ;  rarely,  also, 
upon  their  ends.  A  starch-forming  oxgan  may  develop  as  many 
as  six  starch  grains,  and  these  always  lie  in  a  line  parallel  to  its 
longer  axis,  never  in  the  opposite  direction.^    The  reason  is  the 

'  Cf.  my  paper  in  But.  Zi-itunK,  lt<80,  Figs.  36,  37,  39. 
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sanio  for  tlio  rare  occurrence  in  Canvfr  nt"  partially  compound 
grains  having  remote  kernels.  Here  also  there  is  a  localization  of 
the  starch  formation  upon  one  side  of  the  starch-form ing  organ, 
80  that  I  hiivo  observed  only  very  rarely  young  eecondary  grains 
in  an  accidentally  opposite  position. 

We  have  thus  snhjectcd  to  a  closer  examination  all  the  phe- 
nomena advanced  by  Kageli  ae  points  of  support  for  his  theory, 
and  have  seen  that  without  the  assumption  of  growth  by  intussus- 
ception they  may  all  be  explained  in  a  simpler  manner;  while, 
on  the  other  hand,  there  is  a  series  of  facts  quite  inconsistent 
with  the  theory  of  intuesuBoeption.  We  are,  therefore,  no  longer 
able  to  ascribe  to  starch  grains  a  molecular  stnicture  similar  to 
that  of  protoplasm.  Consequently  our  problem  is  next  to  deter- 
mine to  what  category  of  bodies  do  starch  grains  belong. 

V. 

Starch  grains  possess  no  single  peculiarity  which  justifies  us 
in  assuming  for  them  a  physical  constitution  very  different  from 
that  of  other  rigid  bodies ;  there  are  both  among  amorphons  and 

crj^fitalline  bodies  numerous  examples  of  that  characteristic 
peculiarity  of  starch  grains,  the  power  of  swelling  in  water.  Tin- 
in  vestiL^atioiis  of  Schmiedeberg  '  mid  of  Drcciibcl-  us  well  as  my 
own  investigations-^  have  shown  that  the  protein  crystalloids, 
which  have  so  much  resemblance  to  starch  grains,  can  be  pro- 
duced artiiicially  and  re})ieseTit  the  crystals  of  all»iuuinoid  suh- 
stances.  We  have  theret'ore  inerclv  to  endeavor  to  decide 
whether  starch  grains  are  aniorj)lions  or  ci-ystalliiK'  hodies. 

TliobU  peculiarities  which  allow  ut  best  to  (iistiniriii>h  crystal- 
line from  amorphoup  bodies,  when  definite  crv^talline  form  is 
absent,  are  coliesion  and  the  optical  ]>ropertie?i.  Hence  in 
starch  grains  the  solution  of  this  question  may  be  expected 
through  the  investigation  of  these  peculiarities. 

The  peculiarities  of  cohesion  (with  which  we  may  b^in)  liave 
been  already  described  in  the  second  section;  it  has  been  shown 
there  that  starch  grains  are  very  brittle  parallel  to  the  strati- 

'Zeitflcbrianir  phys.  Gheni.  Bd.  I. 

*  Journal  fUr  praktiache  Chemie,  Bd.  19. 

"UntefsachuDgen  ttber     Protdn  Erystalloideder  Pflanxen.  laaug.  Diss. 
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tication,  and  vertical  to  it  are  very  ductile.  The  difference  is 
go  irreat  that  while  rudiiil  fitsures  easily  arise  under  the  influence 
ot  pressure,  tangential  splitting  even  bv  a  destructive  pressure 
never  occurs.  A  diHerence  of  cohesion  in  different  direc- 
tions has  never  been  obberved  in  aniorphouB  bodies  and  is  quite 
inconceivable  in  them,  since  their  <*hief  characteristic  is  the 
irreii:ular  arrani/enient  ot"  tlieir  parts.  The  sp]ittini!;s  wliich  arise 
by  erushinu:  amorphous  sjiherical  Ix^dies  (for  example  dried  gum 
or  caramel  dr(»])si  take  ])lace  very  irregularly.  The  crushiuir 
or  bruisiui;  ot"  tibrous  crystalline  bodies  occasions,  on  the  other 
hand,  the  formation  in  the  first  jdace  ot"  tis<surps  parallel  to  the 
tibres,  which  means  that  the  lorccs  binding  tliem  together  are 
more  easily  overcome  than  tlie  cohesion  within  the  individual 
ciystale;  the  easy  separability  of  the  latter  from  each  other 
produces  the  striated  structure  whi(-h  the  surfaces  of  fibrous 
crystalline  bodies  prescntt  and  which  are  also  exhibited  in  a 
striking  manner  hy  fragments  of  starch  grains.  Hence,  starch 
grains  behave  in  respect  to  cohesion  precisely  like  radially 
fibrous  crystalline  aggr^ates  (sphero-cryBtals),  and  difter  entirely 
from  amorphous  bodies. 

The  optical  peculiarities  are  in  full  agreement  with  those  of 
cohesion ;  they  are  to  be  referred  to  the  crystalline  composition 
of  the  starch  grains,  and  not,  as  has  been  fluently  assumed,  to 
tensions.  These  peculiarities  have  been  the  snbject  of  several 
erroneous  statements,  and  on  account  of  their  importance  for  our 
purpose  must  be  more  fully  described  here  in  respect  to  certain 
details. 

Kageli  has  already  sought  to  show  that  the  cause  of  the  double 
refraction  of  starch  grains  is  not  the  tensions;  he  believed  that 
ho  was  justified  in  drawing  the  oondusion  that  double  refiraetion 
is  not  brought  about  by  the  tensions  of  stratification,  because  seo- 
tions  of  the  grain  polarized  light  in  the  same  way  as  when  they 
were  a  part  of  the  intact  grain. 

Tliis  conclusion  is,  however,  not  justified,  since  doubly  refrac- 
tive bodies,  which  owe  their  polarizing  peculiarities  without  ques- 
tion to  tensions  ol"  the  ^.uia  kind  as  we  have  in  starch  grains, 
preserve  these  properties  even  when  they  have  been  broken  into 
iittlc  pieces  (for  example  alum  and  analcim).^ 

>  Maitadi.  Ptigg.  Annalen,  Bd,  M. 
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That  ainin  owes  its  doubly  refractive  peculiarities  to  tensioDS 
has  been  shown  bj  Bensoh/  who  found  that  he  could  increase 
the  double  refraction  as  he  liked,  could  diminish  or  could  make 
it  entirely  disappear  by  an  increase  or  diminution  in  pressure  or 
traction. 

Hence  in  alum  the  phenomenon  deptnds  on  this,  that  the  strata 
during  solidification  undergo  a  contraction  in  consequence  of 
which  the  optical  elasticity  parallel  to  the  surfaces  of  the 
crystal  becomes  less  than  it  is  perpendicular  to  them.  A'  sus- 
-  pension  of  the  tension,  brought  about  by  pressure,  is  accompanied 
by  the  disappearance  of  the  double  refraction,  while  tra!ction  in 
the  direction  of  the  surfaccft  brings  about,  on  the  otlier  hand,  an 
increase  of  tensions  and  hence  also  of  tlie  double  refraction. 

I  have  carried  out  similaj  investigations  on  starch  grains;  trac- 
tion of  the  outer  strata  in  the  direction  of  the  surface  (since 
these,  uiiiike  alum,  are  in  positive  tcnssion)  must  brinsi;  about  a 
diminution  of  the  tension,  and  in  proportion  as  this  takes  plm^e 
will  the  double  refraction  get  weaker  or  w  liolly  disa]>peHr,  if  it 
is  dependent  upon  the  tension.  Stnrrh  ^riiins  \\  liich  liave  In  en 
treated  with  very  dilute  potash  undergo  in  the  tirst  {)lace  only  a 
swelling  of  their  inner  soffcr  pubstanee,  while  the  outer  layers, 
remaining  unattacked  by  the  rea<!;ent,  are  nevertheless  stretched 
by  the  swellinij;  inner  portion  ;  the  outer  layers  of  grains  treated 
in  this  manner  did  not  thereby  alter  their  optical  properties, 
although  the  formation  of  numerous  radial  fissures  must  neces- 
sarily have  brought  about  a  marked  decrease  of  positive  tension. 

Tensions  therefore  cannot  be  the  cause  of  the  doubly  refrac> 
tive  properties  of  starch  grains.  Closer  investigation,  however, 
teaches,  on  the  other  hand,  that  the  interference-figure  in  parallel 
polarized  light  in  eaeli  Individual  case  is  exactly  that  which 
starch  grains  must  exhibit  if  they  were  composed  of  fibrous  crys- 
talline (uniaxial  or  rhombic)  elements  whose  course  was  similar 
to  that  of  the  splits,  that  is  to  say,  perpendicular  to  the  strata. 
Essentially,  this  conclusion  has  been  put  forward  already  by 
Bally.*  On  the  other  hand,  the  statement  of  Mohl,'  that  the 

'  MonatHberichte  der  Berliner  Akad.  1667 ;  und  Pogg.  Annalen,  Bd.  198. 
Orothf  Phy.sicaliscbe  Krystallographic,  S.  117. 

*PbUo0ophical  Magaziiie,  1876.  Compare  also  V.  v.  Lang.Pogg.  Aiinalen, 
Bd.  128  (iind  CarVs  Repertorittm,  Bd.  III.) 

*Bot.Ztg.  1858. 


Digitized  by  Google 


378 


A,  F.  If.  8CHIMPER. 


arms  of  the  croee  of  interference  always  run  perpendicnlar  to 
stratification,  applies  only  to  regularly  symmetrical  spherical 
grains;  in  excentric  grains  these  often  ent  the  strata  at  a  very 
acnte  angle.  In  order  in  each  indmdnal  case  to  determine 
before  hand  the  inUrfermc^figurey  one  needs  only  to  draw  from 
the  kernel  to  the  periphery,  lines  perpendicnlar  to  the  stratifica* 
tion.  The  dark  bars  will  contain  the  parts  of  these  lines  which 
are  parallel  (or  perpendicular  as  the  case  may  be)  to  the  direction 
of  vibration  of  the  Kicol.^ 

In  regularly  centred  spherical  grains,  just  as  in  the  axis  of 
excentric  ones,  the  donbly  refracting  elements  are  straight  and 
extinguish  the  light  simnltaneously  along  their  whole  length  ; 
on  the  other  hand  the  case  is  different  in  the  lateral  parts  of  the 
excentric  grains,  where  the  fibree,  as  is  shown  by  the  splitting, 
take  a  hent  coiirse,  ;»Tid  honce  tor  every  poj^itiuii.  tliroiighout  u 
greater  or  less  part  of  tlieir  length,  dependent  on  the  ctirvnture, 
fulfil  the  conditions  tor  tlie  extinr*tioii  of  the  polarized  niy. 

TIh'so  jH'culiaritieb  can  he  cxv>laiiu'd  like  those  of  cohesion, 
t)nly  n|Htii  the  assumption  tliat  the  starcii  grains  are  composed 
of  crv^talline  libres  running  perpen'licnlar  to  tlie  strata: 

Stiircli  i^rains  ditier  tVom  coniinon  >phcro-cry&tals  in  respect  to 
their  power  of  swellinir,  hence  w  e  must  call  the  fibrous  crystals 
coinpOfeing  tlieni  crystuJloiils^  as  it  is  desirable  to  unite  under 
this  head  all  crystalline  l>odies  whic  li  have  the  power  of  swelling. 

As  a  result  of  these  investigations,  it  turns  out  tliat  starch 
grains  are  composed  of  radially  arranged  crystalloids,  and  ex- 
hibit the  crystalli;sation  of  starch  substance,  C^UjoOs,  of  which 
there  are  probably  several  isomers. 

That  the  starch  crystalloids  always  occur  in  the  form  of  fibrous 
aggregates,  and  never  single,  can  be  referred  to  various  cir- 
cumstances. Previous  investigations  upon  sphero-crystals  have 
shown  that  the  conditions  for  their  appearance  instead  of 
separate  crystals  are,  difficult  solubility,  feeble  power  of  crystal- 
lization,  and  viscosity  of  the  solution  ;  to  which,  however,  it 
should  be  added  that  a  single  one  of  these  conditions  is,  in  many 

'  Still  niert' s^iniply  by  oojisiriu  ting  it  sliiatiou  paraiU"!  u>  thore  |>art^<  r>f  \hf 
luyera  whose  course  agreeif  with  one  of  the  directions  of  vibration  of  t  he  Nicol's 
prism;  this  gives  for  each  case  a  predae  pictnre  of  the  interferenoe-figare,  cf. 
Bailey, 
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cases,  sutiicient.^  We  iniiBt  leave  it  to  be  doterjnined  to  which  of 
these  circumstances  tlie  regular  occurrence  of  starch  in  sphero- 
cryatalB  is  to  be  ascribed  ;  we  can,  however,  with  some  probabil- 
ity, assume  that  all  three  conditions  are  fulfilled. 

That  the  strata  in  the  tangential  directions  depoait  more  water 
call)  I  believe,  in  lack  of  a  better  explanation,  be  explained  as 
conformable  to  tlie  familiar  hypothesis  of  N&geli'  concerning  the 
form  of  the  molecule,  which  lie  supposes  to  be  longer  in  the 
radial  direction  than  perpendicular  to  it.  That  the  strata  are 
always  formed  perpendicular  to  the  long  axis  of  the  fibres,  as  the 
course  of  the  fissures  shows,  can  also  be  simply  explained  by 
taking  account  of  the  fact  that  stretching  is  always  easiest  par- 
allel to  these  fibres ;  that  in  crystals  the  hardness  varies  with  the 
direction,  and  has  its  maximum  and  minimum  parallel  to  the 
crj'stallographic  constants,  may  be  assumed  as  already  known. 

Baltimore,  January ,  1881. 

EXPLANATION  OF  THE  FIGUEES. 

All  the  figures  drawn  with  a  magnifying  power  of  850  diameters. 
FiouRB  1-3. — starch  grains  from  the  cotyledons  of  the  seeds  of 

Mickos  latHah, 
FiouRE  1. — Corroded  starch  grains  from  young  seeds. 
Figure  2.^Beginning  of  final  starch  formation  around  the  cor* 

roded  grains. 
FiGUEB  3. — Almost  fully  grown  starch  grains. 
Figure  4-7.— Starch  grains  from  the  pith  parenchyma  of  OereuB 

Figure  4. — Corroded  grains  from  young  cells. 
Figure  5. — Commeucement  of  final  starch  formation  around  the  cor- 
roded grains. 

Figure  6.-^rains  surrounded  by  a  continuous  dense  layer. 
Figure  7. — ^Fully  formed  grains. 
Figure  8-9.— Starch  grains  from  potato. 

Figure  8. — Ohlorophyl  gmins  with  starch  grains  from  the  nnd  of  a 
greened  potato. 

*  O.  L'ihmann,  Ucber  das  Wachsthum  der  Krystalle  (Z-jitscUrift  fllr  Krystal- 
lograpliie,  Bd.  I.) 
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Figure  9. — i  ai  Liali)  compound  grains  from  the  interior  of  thesaine. 
Figure  10-20. — Starch  graind  from  the  rhizome  of  Canna  gigantea. 
Figure  10. — Young  starch  grains  on  "  starch-formers.** 
FiGUKK  11-17. — Deyelopmental  stagea  of  jwrtially  compound  grains. 
l^OTTKB  18. — Partially  compound  grain,  with  separated  kernels. 
FiGURB  19. — ^Narrow  starch  grain. 

FiGUBE  20. — eimilar  grain  surrounded  by  strata  of  different  direc- 
tion. 

FiGUBE  21-23.'-Starch  grains  from  rhizome  of  Canna  sp* 
FiGUBB  21. — Fresh. 

FiGUBE  22. — ^After  swelling  in  dilute  potash. 
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SOME  OBS^IRVATIONS  UPON  THE  FORM  OP 
THEPULSE  WAVE,  ANDTHE  MEAN  ARTERIAL 
PRESSURE,  IN  A  DOG  WITH  PATENT  DUCTUS 
ARTERIOSUS.  WILLIAM  H.  HOWELL,  A.  B.,  and 
h\  D02iALD«0N,  Jb.,  A*  J3. 

In  the  course  of  some  experiments  wliich  we  were  making 

upon  the  isolated  mammalian  heart,  a  dog  evidently  suffering 
from  sonic  form  of  heart  disease  came  under  our  notice.  We 
supposed  that  either  the  mitral  or  aortic  valves  were  diseased, 
and  i*rof.  Martin  suggested  iluLt  it  would  be  of  soine  interest  to 
take  tracings  of  the  arterial  i)ressure  and  tlie  form  of  the  pulse 
wave.  It  was  especially  desirable  to  know  the  arterial  pressure, 
aince  >uch  an  ol "nervation,  of  course,  could  not  be  made  upon 
the  human  .-iuhject  except  in  a  very  indirect  way. 

A  post-mortem  examination  which  Dr.  McLane  Tiiikny  was 
kind  enou^di  to  make  for  us,  revealed  the  fact  that  there  was  a 
patent  ductus  arteriosu??,  estahlipliinjj;  a  very  wide  couimunication 
between  the  aorta  and  the  pulmonary  artery.  There  was  also  a]) 
parcntly  some  slight  insufficiency  of  the  mitral  valves  and  of  the 
pulmonary  semi-lunar  valv^. 

The  aorta  from  its  origin  to  the  end  of  its  arch  was  consider* 
ably  dilated,  though  there  was  no  evidence  of  any  atheromatous 
changes  in  the  walls  of  the  artery. 

The  heart  weighed  1>7  grams,  and,  upon  comparison  with  the 
hearts  of  other  dogs  of  about  the  same  weight  (from  15  to  18 
pounds),  showed  general  enlargement,  together  with  some  hyper- 
trophy of  the  walls  of  the  left  ventricle.  The  heart  of  a  dog  of 
about  the  same  weight  from  which  tracings  were  taken  for  com- 
parison, weighed  66.5  grams. 

At  the  opening  of  the  ductus  arteriosus  into  the  aorta  there 
was  a  small  valvular  ft>ld,  not  nearly  laige  enough  to  cover  the 
opening,  but  so  placed  as  to  direct  the  stream  of  arterialized 
blood  sent  out  from  the  left  ventricle  at  each  systole  along  the  aorta, 
and  impede  its  passage  into  the  pnlmonary  circulation ;  in  form  and 

881 
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mode  of  action  this  valve  eomcwliat  resembled  the  euBtaohian  valve 
of  the  fcetal  heart.  After  the  completioB  of  the  Bystole,  however, 
when  the  elastic  recoil  of  the  aorta  had  set  in,  this  valve  could 
have  offered  no  obstacle  to  the  passage  of  blood  from  the  aorta 
into  the  pulmonary  artery ;  indeed,  wonld  rather  have  gnided  any 
backward  current  in  that  direction. 

The  only  recorded  case  of  this  form  of  heart  disease  that  we 
have  been  able  to  find,  is  the  one  reported  by  Dr.  Hilton  Fagge 
in  the  (Ally's  Hot^pital  Reports,  1873. 

As  we  were  not  competent  to  makt;  a  satiafactory  auscultation 
of  the  easo,  we  requested  Dr.  Frank  Donaldson  to  examine  the 
duL-^  lui  lib.  This  he  very  kindly  consented  to  do,  and  gave  us  the 
Ibliowinii;  written  report  of  the  syn!]»toms  observed  : 

"  I  carefully  auscultated  tlie  dug  and  found  the  heart  heating 
at  about  140  per  minute;  the  impulse  as  compared  with  that  of 
a  healthy  dog  was  much  increased ;  the  apex  of  tlie  heart 
extended  much  further  to  the  left  of  the  sternum,  showing 
marked  hypertrophy.  Over  the  whole  cardiac  region  there  was 
a  loud,  rasping,  systolic  murmur,  with  the  maximum  of  intensity 
over  the  base;  there  was  also  a  slight  murmur  with  the  second 
sound." 

In  our  observations  we  endeavored  in  the  first  place  to  obtain 
tracings  of  the  form  of  the  pulse  wave.  The  dog  was  tied  down 
firmly  upon  a  dog-board,  and  sphygmographic  tracings  were  taken 
from  the  femoral  artery  by  means  of  a  Marey's  sphygmograph. 

The  most  favorable  tracings  obtained,  when  the  <animal  lay 
perfectly  quiet,  and  any  irregularities  resulting  from  psychic  iu" 
fluences  were  excluded,  were  found,  upon  comparison  with 
ephygmograms  taken  from  the  same  artery  in  a  healthy  dog,  to 
be  entirely  normal. 

The  femoral  arteries  were  then  laid  bare  and  a  cannula  intro- 
duced into  each  of  them  ;  one  of  tlie  cannulas  was  couTieeted  in 
the  usual  wav  with  a  mercury  manometer,  which  served  to  reels- 
ter  arterial  pressure;  the  other  was  connected  witli  a  Kick's 
J'ederkymof/raj'/u'on.  The  object  in  using  this  latter  instninieiit 
was  to  obtain  some  idea  of  the  form  of  the  pulse  wave  in  the 
opened  artery. 

The  pens  of  these  manometers  MTote  upon  the  roll  of  paj>er  of  a 
Lud wig's  kymograph  and  on  the  same  vertical  line;  a  chronograpli 
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pen  markiiiir  seconds  and  a  Marey's  tanihoiir  for  registerine:  res- 
piration were  also  made  to  write  upon  tiie  same  roll  of  paper. 

The  animal  was  not  at  tirst  under  the  influence  of  any  anaes- 
thetic, the  oj>eration  of  laying-  hare  the  femorals  being  too  slight 
to  cause  any  seriuuft  pain  ;  afterwards  chlorot'orm  was  given.  It 
was  noticed  that  when  the  animal  was  deeply  under  chloroform 
the  heart  beats  lost  entirely  an  arhythmie  character  which  had 
been  very  mai  kt'd  when  the  dog  tirst  came  under  ol)servation, 
indicating  that  this  irregularity  had  been  caused  before  by 
psychic  intluences. 

The  arterial  pressure  as  given  by  the  mercury  aumometer  was 
good,  ranging  from  140  mm.  to  InO  mm.,  which  is  within  the 
limits  of  what  can  be  called  the  nornuil  hlood  pressure  of  a  dog. 

The  pulse  wave  given  by  the  Fick  manometer  showed  a  sud- 
deii  rise  of  pressure  at  the  beginning  of  the  wave,  corresponding 
to  the  sudden  ejection  of  the  contents  of  the  left  ventricle  into 
the  aorta  at  each  systole,  and  then  a  much  more  gradual  lull  of 
pressure  as  the  excess  of  li.ood  in  the  arterial  system  was  gradu- 
ally forced  through  the  capillaries  into  the  veins,  corresponding 
to  the  description  given  by  Fick  of  the  pulse  wave  as  obtained 
by  his  manometer  from  normal  animals.  The  descending  limb 
of  the  wave  was  marked  bv  a  stront;  indentation.  This  indenta- 
tion  or  dicrotism  is,  according  to  Fick,  who  has  made  a  careful 
study  of  the  tracings  obtained  from  dogs  by  means  of  his  mano- 
meter, a  characteristic  of  every  true  tracing,  sphygmogra])hic  or 
manouietric,  of  the  pulse  wave.  Roy,  on  the  other  hand,  from 
someexperiments  made  upon  ral)hits  with  his  sphygmo-tonometer, 
says  that  the  pulse  wave  in  tlie  opened  artery  is  not,  in  a  healthy 
animal,  dicrotic. 

From  a  comparison  of  the  tracings  obtained  from  this  dog 
with  others  obtained  from  normal  do«rs,  it  was  seen  that  the  in- 
dentation was  more  strongly  marked  in  this  case.  In  all  other 
respects  the  tracing  was  normal. 

The  pulse  rate  varied  from  1;><)  to  ISO  per  minute. 

The  results  of  our  observations,  though  mainly  of  a  negative 
character,  are  not  on  that  account  devoid  of  interest.  The  fact 
that  the  aniuial  kept  up  such  an  excellent  arterial  pressure  is 
especially  worthy  of  notice.  The  normal  pressure  in  tlie  pul- 
monary arteries  of  a  dog,  as  observed  by  Beutner,  Chuveau  and 
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otiiers,  is  not  more  than  one-third  as  ^reat  as  the  pressiire  in  the 
carotids.  Knowing  this,  ami  reniembering  that  the  lung  vessels 
poB^CBs  yrpat  (h'stenpibility— can  accommodate,  in  other  words,  a 
much  htiger  quantity  of  blood  tiian  tliey  usually  contain  without 
any  rise  of  pressure  in  the  pulmonary  arteries  resulting; — and, 
further,  that  they  are  probably  subject  to  vaeo-motor  inHuences 
to  a  much  smaller  extent  than  are  blood-vessels  in  other  parts  of 
the  body,  one  would  conclude,  from  d  priori  reaeoning,  that  when 
this  very  extenBivc  and  distensible  vascular  region  was  thrown 
into  free  communication  with  the  systemic  circulation,  there 
would  be  a  marked  and  permanent  lowering  of  general  blood 
pressure.  That  this  did  not  occur  must  be  explained  by  a  com- 
pensatory increase  in  the  force  of  the  heart  beat,  or  by  an  increase 
in  the  amount  of  peripheral  resistance ;  or  possibly  by  an  increase 
in  the  total  bulk  of  blood  in  the  body. 

The  pressure  in  the  pulmonary  arteries  must  have  been  fW>ra 
two  to  three  times  greater  than  the  normal  pressure,  requiring 
an  increase  in  the  force  of  the  systole  of  the  right  ventricle  to 
overcome  tliis  extra  riwistance,  and  caueing  a  greater  amount  of 
blood  to  flow  through  the  lungs  in  a  given  time  into  tlie  left 
side  of  tlie  heart.  I'Votn  the  nature  of  the  ct)n(lition8  governing 
the  flow  of  the  blood  current  in  the  aorta  and  in  the  pulmonary 
artery,  it  is  not  probable  that  there  was  any  serious  escape  of 
venous  blood  into  the  systemic  circulation ;  the  abnormal  flow 
must  have  been  in  the  other  direction — from  the  aorta  into  the 
pulmonary  tracti 
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ON  VARIATIONS  OF  REFLEX  EXCITABILITY 
IN  THE  FROG,  INDUCED  BY  CHANGES  OF 
TEMPERATURE.   By  W.  X.  5SEDG\V  ICK,  Ph.  D. 

PhyfiiologisU  nru  l>y  no  means  agreed  as  to  the  effects  upon 
reflex  uetions  of  fliaiii^es  in  temperature.  It  is  generally 
admitted  tliat  a  cool  teinperaturo  is  favorable  either  for  preserving 
or  working:  upon  reflex  }>rt'pttration>,  and  that  a  warm  tempera- 
ture is  equally  uiitavoral)le ;  but  beyond  and  between  these 
general  and  indefinite  ideas  there  is  a  wide  difference  of  opinion 
both  as  to  faets  and  causes.  This  is  the  more  surprisinsT  because 
looked  at  d  priori  nothing  should  be  siinpier.  The  origans  com- 
bined to  make  up  a  reflex  a))j)aratus  tliouirh  now,  in  the  adult, 
physiologically  and  st  ructurally  unlike,  have  all  directly  descended 
from  similar  protoplasmic  masses  iu  the  embryo.  Tlieir  tissues 
are  composed,  even  ia  their  highly  differentiated  condition»,  of 
protoplttftm  more  or  less  modified,  and  they  should,  tlierefore, 
obey  less  or  more  closely  those  laws  which  govern  protoplasmic 
a(.'ti  vity. 

Everyone  knows  tiiat  j)roto})lasm  wherever  found  l)ehaves  very 
dehnitoly  in  respect  to  temperature.  From  almost  complete 
inactivity  at  a  low  temj)erature  it  ])asscs,  with  a  uradunl  rise  of 
temperature,  little  by  little  into  a  phase  of  greatest  activity,  lu-yond 
which  under  excessive  heat  its  functions  fall  rather  quickly  back 
to  zero,  or  if  the  temperature  be  raised  still  higher,  pas.*  beyond 
and  disappear  with  the  ocenrrence  of  coagulation  and  death. 

It  is  agreed  that  most  of  the  tissues  and  organs  of  the  frog, 
taken  separately,  do  obey  the  laws  wliich  govern  their  protoplas- 
mic basis.  Muscles,  afferent  and  efferent  nerves,  and  glands 
exhibit  nearly  tlie  sajue  series  of  events  which  may  be  observed 
in  an  amuiba  or  in  a  white  blood-corpuscle.  Even  the  heart— by 
no  means  a  simple  protoplasmic  organ — is  subje<*t  to  the  same 
laws  when  free  from  nervous  disturbances.    One  fact  of  extreme 
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importance  must  not  be  overlooked.  Yarione  protoplasmic 
combinations  exhibit  their  periods  of  greatest  activity  at  yeiy 
different  degrees  of  temperature,  in  some  cases  it  might  be 
supposed*  therefore,  that  one  portion  of  an  apparatus  would,  pe^ 
haps,  pass  beyond  its  own  period  of  activity  before  some  other 
part  would  have  reached  the  temperature  best  suited  to  it,  thus 
causing  the  apparatus  as  a  whole  to  behave  in  a  contradictory  or 
exceptional  manner.  It  must  be  granted*  however,  upon  the 
theory  of  the  correlation  of  parts  that  it  would  be  ordinarily 
more  advantageous  to  the  oi^nism  to  have  come  to  possess 
organs  made  up  of  harmonious  than  of  discordant  tissues ;  so 
that,  xinless  evidence  to  the  contrary  is  brought  forward,  we  may 
reasonably  expect  to  llnd  in  the  parts  of  any  apparatus  no  such 
dissimilarity  in  respect  to  their  behavior  toward  changes  of 
temperature. 

It  is  within  the  experience  of  every  physiologist  tliat  the  frog, 
which,  even  in  the  normal  state,  is  now  admitted  to  be  to  a  great 
extent  a  reflex  me(*]ianism,  exhibits  a  noteworthv  increase  of 
functional  activity  as  the  temperature  of  winter  gives  way 
before  that  of  summer.  That  the  energetic  movements  wit- 
nessed in  the  summer,  in  the  animal  keenly  alive  to  external 
stimuli,  pass  over  in  tlie  autumn  into  the  drowsy  repose  of  the 
winter  sleep,"  is  also  known  to  every  one.  It  is,  therefore^ 
somewhat  surprising  as  well  ae  confusing  to  read  that  in  the  brain- 
less frog  (a  much  more  perfect  reflex  apparatus  than  the  normal 
one)  the  motor  and  sensory  nerves,  according  to  most  authors, 
obey  the  laws  of  protoplasm,  while  others  state  that  the  spins! 
cord  exactly  reverses  them ;  to  find  that  gentle  heating  of  a 
reflex  frog,  in  the  opinion  of  one  writer  heightens  the  reflex 
excitability,  and  lowers  it  according  to  another;  that  packing 
of  the  body  in  ice  increases  enormously  the  reflex-excitability, 
aiiJ  the  same  thing  done  with  hot  sand  i^ives  the  same  result ; 
that  the  spasms  of  strychnia  poisoning,  commonly  supposed 
to  indicate  a  hicrh-c:;rade  excitability,  and  which  have  disap- 
peared in  a  room  jit  the  ordinary  temperature,  may  be  developed 
again  in  full  force  by  laying  the  frog  upon  ice;  while  we  are  told 
that  in  spite  of  the  fact  that  thermal  stimuli  are  powerful  agents 
for  exciting  reflex  movements,  a  brainless  frog  will  sit  motionless 
until  boiled,  in  water  whose  temperature  is  gradually  raised*  A 
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brief  review  ot  some  of  the  literature  of  the  subject  will  show 
that  these  apparent  contradictions  actually  exist. 

I.  Historical. 

BrmonSequard^  seems  to  have  been  one  of  the  first  to  consider 
the  effects  of  temperature  upon  reflex  frogs.  Having  once  sac- 
oeeded  in  June  in  keeping  snch  an  animal  alive  much  longer 
than  usnal,  be  was  led  to  observe  again  in  September  and  later, 
and  found  at  length  that  he  could  keep  frogs,  etc.,  in  good  condi- 
tion during  these  months  for  days  and  even  weeks  after  the 
destruction  of  the  medulla,  while  previously  an  hour  or  two  was 
the  longest  time  observed.  He  also  noted  the  effects  of  destruc- 
tion of  portions  of  the  cord ;  and  when  the  objection  was  raised 
that  very  likely  the  prolonged  vitality  detected  by  him  in  the 
autumn  was  due  only  to  the  same  actual  amount  of  energy  fading 
out  more  slowly  (owing  to  the  retardation  of  functional  activity  by 
the  lower  temperature),  he  replied  by  advancing  experimental 
evidence  that  there  is  really  more  energy  exhibited  in  the  fall 
than  in  the  summer — a  more  prolonged  and  vigorous  vitality 
rather  than  a  longer  exhibition  of  an  enfeebled  vitality. 

Kunde}  writing  a  revised  account  of  his  previous  work,  states 
that  if  a  frog  be  cooled,  an  electric  current  which,  when  the  frog 
was  warmer,  produced  tetanic  movements,  now  either  produces 
them  later  or  not  at  all.  He  investigates  the  effects  of  temper- 
ature upon  the  spinal  oord  by  giving  frogs  strychnia  and  then 
placing  the  animals  in  water  at  different  temperatures.  From  his 
researches  he  concludes  that  frogs  under  small  doses  <if  strych- 
nia, lose  their  spasms  in  the  cold  and  regain  them  when 
brought  back  into  a  warm  room.  A  dose  just  large  enough 
to  produce  spasms  in  a  warm  room  having  been  given,  the 
animal  was  put  upon  ice  and  the  spasms  disappeared.  If 
the  animal  were  held  in  the  hand  of  the  observer  or  carried 
back  into  the  warm  room  they  returned.  Lai^  doses  have 
precisely  the  opposite  effect.  The  spasms  in  this  case  having  dis- 
appeared under  heat,  will  reappear  in  the  cold.  Uis  work,  then, 
indicates  that  cold  depresses  reflex  excitability,  except  in  severe 
strychnia  poisoning. 

>  Fur  titles  see  list  of  rul'ercaces  at  the  eud  <*f  this  paper. 
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Cayrade^  writing  in  l80i,  states  that  heat  shortens  the  dura- 
tion of  reiiex  movcmentSy  but  increases  their  energy.  When  the 
increase  of  temperature  is  gradual,  ^^as  in  nature/'  the  reflex 
fnncdons  also  increase  gradually  their  functional  activity ;  move- 
ments  arc  more  speedy,  more  energetic,  and  nontractions  last 
longer.'*  When  the  temperature  is  ''very  high,  29'^-30%  for 
example,''  section  of  the  medulla  produces  tetanus  and  oonvul- 
sions ;  from  which  it  appears  that  his  conclusions  given  above 
are  drawn,  in  part  at  least,  from  intact  frogs. 

He  believes  that  a  sudden  rise  of  temperature  is  depressing  in 
its  effects  upon  the  reflexes,  an  opinion  derived  from  his  considersr 
tion  of  Eunde's  earli^  work  (1857),  in  which  a  frog  poisoned  to 
tetanus  «t  the  ordinary  temperature,  lost  the  spasais  and  re- 
covered at  34°:  also  from  this  observation  ;  if  two  cats  of  equal 
weight  be  poisoned  with  the  same-sized  doses  of  etrychiii;i,  and 
if,  when  tetanus  lias  appeared,  one  be  left  in  a  rooin  at  the  or- 
dinary temperature  (16°-19°  0.)  \vliile  tlie  otlier  ib  put  in  a  room 
at  C,  the  former  speedily  dies,  while  the  latter  gradually  re- 
covei*s.  He  doses  the  subject  with  the  remark  that  in  order  to 
work  upon  frogs  in  the  summer,  one  must  keep  them  covered 
with  wet  linen,  whie})  kee}  ?  tlioTn  both  coo]  and  moist. 

Weir^MUohell^  and  RichardHOnx^  published  in  IStiT  communi* 
cation?  on  the  effects  of  extreme  cold  (^ezing  by  ether  and 
rhigolene  spray)  upon  frogs  and  some  other  animals.  Incident- 
ally they  remark  that  the  freezing,  if  not  too  sudden,  was  the 
cause  of  a  preliminary  stage  of  increased  excitability,  though 
this  speedily  passed  into  total  loss  of  function,  if  the  whole  ani- 
mal were  frozen,  or  if  all  of  the  cerebro  spinal  axis  were  affected. 
They  observed  that  frogs  and  rabbits  having  frozen  brains  behaved 
in  respect  to  their-  reflex  actions  precisely  as  if  thoy  had  been 
decapitated,  t.    the  reflex^xcitability  rose  enormously. 

For  the  purpose  of  demonstrating  a  striking  difference  between 
the  iiornial  and  the  brainless  froi^  in  respect  to  conscious  sensa- 
tion, 6'<>//^*^  in  1869  reealled  an  experiment  described  by  bim 
long  before  tiiat  time.  Though  employe<i  bv  Goltz  for  u  (jiiite 
different  purpose,  it  is  nevertheless  of  great  interest  to  ns,  siiu  e 
it  has  ijiven  rise  to  no  ^miall  difference  of  opinion  eoneerniiig 
the  eifeets  of  heat  ii})on  retlex  e\eita])ility.  (^oltz's  experiment 
is  as  follows:    A  normal  frog  if  immersed  in  water  which  is 
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gradually  heatcHl,  B])eedily  becomes  violent  in  his  attempts  to 
escape.  In  Ptrikiiii^  con  trust  to  tliib  phtiiioiueiion  is  the  beliavior 
of  the  bruinle68  tVo;;,  wliich,  on  the  contrary,  save  tor  a  few  un- 
important twitches,  sits  motionless  until  it  is  dead  from  the  ex- 
cessive heat.  Tliough  Goltz  makes  no  definite  statements  as 
to  the  cause  of  this  singular  quiet  of  a  highly  excitable  reflex  frog 
(a  matter  which  lias  been  studied  by  Foster  et  al.),  it  seemn  fair 
to  conclude  tVom  the  context  that  he  refers  it  to  a  dullness  of 
perception  whicli  is  not  ])re8ent  in  the  frog  possessing  a  cerebrum. 

Tarchanow"'  studied  in  the  first  place  the  effects  of  heating 
and  coolintc  sectional  areas  of  the  central  nervous  system.  For 
this  purj'ose  ho  used  cither  high  or  low  temperatures  (lieated  oil 
or  ice)  and  thus  applied  powerful  stimuli.  His  results  indicate  a 
marked  coincidence  between  chemical  or  electrical  and  thermal 
stimuli.  Besides,  he  devised  the  following  important  experi-. 
nient : 

''If  the  spinal  cord  of  a  decapitated  frog  be  laid  bare  along 
its  length  and  covered  with  ice  or  snow,  a  detinite  depra««ion  uf 
the  tactile  retiexeh  will  l)e  n(»ti(  cd.  If,  on  the  other  liaml,  the 
cooling  take  place  u])on  the  intact  trunk  uf  a  frog  similarly  de- 
capitated and  without  any  opening  of  the  neural  canal,  we  ob- 
tain results  diametrically  opposed  to  the  foregoing,  i,  e.  a  quite 
clearly  i)ronounced  increase  of  reflex  excitability." 

In  order  to  effect  this,  ho  recommends  that  the  trunk  of  the 
frog  be  packed  in  ice,  by  means  of  a  biig  or  sack  having  holes 
below  for  the  hind  legs. 

Tarchanow  lias  also  studied  upon  the  normal  frog  the  efl'ects 
of  heating  ami  cooling,  and  cfiiployed  for  the  jturj)0se,  apparently 
not  knowing  of  Goltz's  work,  the  same  method  which  was  de- 
vised much  earlier  hv  that  observer.  Ho  notes  the  period  of 
unrest  through  which  the  animal  ])asse8  as  the  temperature  rises, 
and  also  the  |)eriod  of  prostration  which  finally  ensues.  He  calls 
attention  to  the  fact  that  since  the  cause  of  this  prostration  ean- 
not  lie  in  the  nerves  or  muscles  (these  being  found  intact),  it 
must  be  sought  in  the  brain  or  spinal  cord.  By  certain  experi- 
ments not  wholly  free  from  objcH'tion,  lie  concludes  that  the  cause 
lieej  in  the  brain  and  not  in  the  s{>inal  c<.)rd.  Tie  points  out 
again  that  direct  cooling,  by  ice  or  snow,  of  the  exposed  cord,  us 
described  above,  gives  a  depression  of  excitability.  Indirect 
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cooling  by  ice-packing  gives  an  enormous  rise  of  tliat  excitability, 
but  he  omits  to  explain  this  difference,  as  early  in  the  paper  he 
promises  to  do,  aad  leaves  it  without  further  remark. 

Heinsmann^  working  under  the  guidance  of  Prejer,  published 
in  the  next  year(1872)  a  paper  of  very  great  interest  to  the  student 
of  this  subject  Starting  from  the  fact  that  a  motor  nerve  may 
be  subjected  to  stimulation  (chemical,  electrical,  pressure,  and  heat 
and  cold  stimuli  are  mentioned)  too  feeble  to  excite  movement  of 
the  connected  muscle,  and  that  this  stimulation  may  be  gradually 
increased  in  intensity  so  far  as  to  produce  finally  destruction  of 
the  nerve  and  yet  without  causing  the  least  movement  in  the 
muscle,  fleinzmann  raises  the  question  as  to  whether  or  not  the 
same  thing  is  true  of  sensory  (afferent)  nerves. 

Thermal  stimuli  ficemed  to  offer  the  best  opportunity  for  the 
examination  of  this  question,  and  by  means  of  a  carefully 
arranged  apparatus  the  work  was  begun. 

Normal  frogs  and  frogs  destitute  of  cerebral  heiiusphuj  t.-  were 
heated  very  gradually  both  "locally  "  and  "  totally."  The  local 
heating  was  by  dipping  one  leg  of  a  frog  liung  by  the  jaw  from 
a  hook,  in  water  wliose  temperature  could  be  gradually  raised 
or  lowered.  In  the  "  total  stimulation "  the  whole  body  was 
heated  by  allowing  tlie  frog  to  sit  upon  cork  floating  ina  cyliader 
of  water  which  could  be  heated  gradually.  A  uniform  result  was 
obtained. 

The  frog  destitute  of  cerebral  hemispheres  could  be  heated 
easily,  the  normal  frog  for  obvious  reasons  with  some  difficulty, 
until  death  ensued ;  often  passing  from,  perhaps,  22^  G.  to  40**  or 
45^ ;  or  could  be  cooled  as  many  degrees  with  a  similar  absence  of 
movement.  This  result  seemed  to  Heuiamann  satisfactory.  It 
put  the  sensory  alongside  the  motor  nerve  in  this  respect,  aod 
seemed  only  to  add  another  support  to  a  well-establisbed  law. 
Heinzmann's  conclusions  in  regard  to  the  "  total"  heating  of  the 
normal  frog  must  be  compared  with  those  of  Goltz  and  Tarchanuw, 
who  both  found,  unlike  Heinzmann,  that  gradual. heating  of  the 
nonnal  frog  produced  most  violent  movements.  Heinzmann 
does  not  refer  to  the  work  of  either  of  these  observers,  and  appur-  j 
ently  does  not  know  that  in  reeordiug  the  quiet  of  tht-  head 
frog  under  a  gradual  ri>:e  of  teuiperature  he  is  but  repeating  a 
much  earlier  experiment  of  Goltz.   It  must  not  be  overlooked 
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that  hifi  <'\planation  of  tlie  plieiuMneiion  dilTers  widely  from  that 
which  might  be  inferred  from  Goltz's  ])aj>er.  The  latter^s  work 
seems  to  iiuplv  that  the  quiet  of  tlie  brainless  froir  is  due  to 
diillncBS  of  pereeption,  so  to  speak,  wliile  lleiuzmanii  sees  in  the 
phenomenon  a  failure  to  seeiir*^  iT^ovenient  due  merely  to  a  lack 
of  stimuli  Buceeediu^^  caeh  other  with  sufficient  ra])idity. 

Heinzmann  has  also  undertaken  to  fix  the  nearest  tempera- 
tures at  whieh  reflexes  a))])ear  in  trogs  of  known  warmth  under 
hentinfr  or  cooling  of  fixed  rapidity  ( Rejlex'sckiuelle)^  and  the 
rapidity  of  stimulation  needful  to  }>rovoke  movement  at  vaiious 
teniperaturcB  f  t^ntersnhiedsschwelle). 

In  ls72  appeared  in  the  Russinn  Inniruasxe  a  paper  hy 
Tarekanow^  on  the  physiology  of  thermal  retlexes.  I  have  not 
seen  the  original,  but  have  been  obliged  to  depend  for  an  abstract 
of  it  upon  the  Jahreshericht  of  Hofman  and  Schwalbe  for  1872. 

The  author  compared  with  each  other  the  sensibility  of  the 
skin  and  afferent  nerve,  and  concluded  that  special  end-organs 
for.  the  detection  of  thermal  stimuli  must  be  located  in  the 
skin.  Setschenow  had  already  advanced  the  idea  of  special 
end-organs  for  the  detection  of  chemical  stimuli,  and  others  have 
located  there  tactile  end-organs,  so  that  Tarehanow  remarks  that 
it  only  remains  for»  the  microsco}>e  to  detect  the  structural 
peculiarities  of  these  three  kinds  of  nervous  end-organs.  lie 
has  noticed  the  unrest  of  tlie  frog  destitute  merely  of  the  cere- 
bral hemispheres,  already  observed  by  Goltz  long  before.  Finally, 
having  "observed  that  warm  dilute  acid  (in  Tiirck's  method) 
called  forth  refl**\<'s  sooner  than  the  same  acid  when  cool,  he 
proceeds  to  draw  from  the  fact  two  interesting  conclusions: 
1.  "  This  result  can  be  explained  by  the  hypothesis  that  by  the 
higher  temperature  the  irritability  of  the  nerve-endings  in  the 
ekia  is  increased."  2.  In  this  way,  probably,  is  to  be  explained 
the  well-known  fact  that  on  passing  from  a  warm  into  a  cooler  me- 
dium the  animal  reacts  more  quickly  than  when  passing  from  a 
cool  into  a  wanner  medium  ;  in  the  former  case  the  end-oigans 
are  in  a  more  irritable  condition." 

Ih.  M.  Fos'ter^^  in  1873,  raised  the  question  why,  in  the  ex- 
periment of  Goltz  described  above,  the  brainless  frog  (n  far  bet- 
ter reflex  machine  than  the  normal  one)  remains  undisturbed  in 
water  the  temperature  of  which  is  gradually  raised.  Oolts 
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aignee  for  a  greater  dullneaa  of  perception  in  the  brainless  frogt 
because  it  sits  quiet  under  conditions  which  throw  the  notmsl 
frog  into  violent  moyementB»  viz.  nnder  a  rising  temperature ; 
but  he  does  not  mention  that  we  have  a  strange  anomaly  in  the 
fact  that  the  normal  frog,  whose  reflex  functions  are  feebler  than 
those  of  the  decapitated  animal,  reacts  much  sooner  upon  the 
application  of  heat-stimuli.  I  shall  shortly  return  to  this  paper, 
so  that  at  present  it  need  only  be  said  that  Dr.  Foster,  wbo 
apparently  had  not  seen  the  paper  of  Heinzmann,  published  a 
year  before,  (•anie  to  a  result  wholly  dili'erent  from  that  author. 
Hein/jHuiin  believes  the  quiet  of  tlie  rellex  frog  to  be  due  to  a  lack 
of  stiuiuli-clianges  succeeding  each  otlier  with  sufficient  sudden- 
ness ;  Foster,  on  the  contrary,  believes  tlie  spinal  cord  to  be 
directly  depressed  in  fuiu  tiou  by  the  h(»t  circulating  blood. 

In  the  same  year  (1  ST-'. ),  appeared  in  the  Russian  language  an 
article  by  Archangehki/,  on  the  influence  of  warmth  upon  the 
nervous  and  blood- vascular  systems  of  the  frog.  Of  this  paper  I 
have  seen  only  an  abstract  given  in  tlu>  JahresbericfU  of  Hofman 
and  Schwalbe  for  IS 73.  Archangelsky  used  in  his  work,  as  a 
convenient  means  of  regulating  the  temperature,  a  woodeu  box 
having  two  windows,  and  provided  inside  with  tubes  arranged 
zigzag  upon  its  walls,  so  that  they  presented  a  large  surface 
to  the  air  of  the  chamber  and  could  be  filled  with  hot  or  cold 
water  at  will.  He  seems  to  have  worked  first  upon  normal  frogs; 
and  he  found  that  when  these  were  warmed  to  29^-^^  0.,  cramps 
were  readily  observed,  succeeded  by  weakness,  inaction  and  heat- 
rigor.  He  remarks  that  it  is  a  matter  of  indifierence  wh^er  the 
air  be  moist  or  dry,  the  end-result  being  the  same.  When  it  is 
moist,  however,  a  high  temperature  is  much  sooner  reached. 

Upon  decapitated  frogs  he  has  investigated  Recording  to  Tiirck's 
method  the  variations  of  reflex-excitability.  He  does  not  say 
whether  the  air  was  dry  or  moist  in  this  case.  Under  ra]>id 
he;th!iL;  he  finds  the  excitability,  at  first,  heightened  :  under  slow 
heating  be  was  able  to  diseover  no  clmnire  in  the  irritabilitv  at 
the  outset.  He  tinds  in  many  cases "  that  when  the  tempernture 
has  reached  25°-30^  C  the  reflexes  evoked  by  acid  become  gradually 
weaker  and  finally  cease,  though  the  tactile  reflexes  remain  some- 
what longer  (3S*-34°).  The  acid  and  the  water  for  removing 
it  from  the  foot  were  kept  inside  of  the  warm  chamber. 
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Archanajelsky  has  nl?o  studied,  in  respect  to  its  ))ehavior  toward 
warmth,  the  reflex  apparatus  analyzed  into  its  sej)arate  parts ; 
having  sought  in  this  way  to  locate  the  cause  of  the  I'ailare  of 
reflex  power  under  heat. 

(a)  The  end-organs.  "  It  proved  to  be  the  faet  that  the  higjlier 
the  temperature  of  the  acidified  water,  the  sooner  were  the  feet 
withdrawn.  Hence  the  excitability  of  the  end-organs  is  height- 
ened by  heat." 

ih)  The  afferent  nerve.  Like  other  observers,  the  author  finds 
the  aflerent  nerve  to  be  more  irritable  when  wanned;  he  8aj8, 
however,  that  slow  warming  has  no  perceptible  effect. 

{(')  The  spinal  rord.  Two  needles  having  been  tlirust  into 
the  cord  of  a  decapitated  frog,  were  connected  with  an  induction 
apparatus.  As  a  measure  of  the  excitability,  that  distance  of  the 
secondary  from  the  primary  coil  which  was  just  sufficient  to  pro- 
duce a  minimal  contraction  of  the  muscles,  was  empl<«ve(l.  The 
result  proved  to  the  author  that  the  irritability  gradually  falls 
and  becomes  zero  at  34° — the  very  point  at  which  the  reflexes, 
under  similar  conditions,  also  disappear.  No  preliminary  phase 
of  increased  aetivitv  is  mentioned  :  nor  is  it  stated  whether  or 
not  the  air  was  saturated  with  water.  As  a  check  upon  this 
experiment,  more  evidence  was  sought  in  this  way  :  a  brainlesB 
frog  was  hung  up  in  a  glass  tube,  which  covered  only  the  npper 
part  of  the  trunk  and  left  the  pelvis  and  legs  not  covered  in 
any  way.  Including  the  tube  just  mentioned  and  connected 
tightly  with  it  was  a  larger  glass  tube  of  the  same  form.  Thus  a 
hollow  jacket  was  formed  around  the  frog  and  yet  not  tniu  liing 
him,  and  through  this  ja(-l<et  could  be  passed  water  of  different 
temperatures.  It  turned  out  that  rapid  heating  produced  at  first  a 
rise  of  excitability  (measured  by  Ttirck's  method)  wliich  speedily 
passed  over  into  a  fall  even  to  zero;  while  gradual  heating  pro- 
duced a  steady  fall,  with  no  previons  phase  of  heightened  excita- 
bility. 

{d)  2'he  efferent  nerve.  This  was  investigated  witli  the  results 
already  reached  by  numerous  observei's.  Like  the  aflfercnt  nerve 
it  preserves  its  irritability  at  a  temperature  above  that  at  which 
the  reflexes  fade  away. 

(e)  The  connected  muscles.  Tliese  were  investigated  with  the 
well-known  result.    The  author  found,  however,  that  in  dry  air 
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a  muscle  did  not  pa??  into  ri^j;or  before  45°-5U°  had  been  reached ; 
whilst  in  moist  air  it  perished  at  S^^-So^.  Its  irritability  in  a 
moist  room  quickly  iucreaaes  from  SO^-SO**  and  then  gradually 
decreases  to  S^**. 

Archangelsky's  conclusion  Is  easily  foreseen.  The  loss  of  reflex 
excitability  under  heating  is  due,  according  to  him,  to  a  weak- 
ening of  the  spinal  cord  alone. 

Like  Heinzmann,  Fratscher}^  working  in  1875  in  the  Jena 
laboratory  under  Preyer,  does  not  at  the  outset  undertake  to 
contribute  to  the  discussion  of  the  present  problem.  Heinz- 
iiiaiiTi  havinsr  readied  the  extremely  interesting  results  described 
above,  it  >viis  an  inipurtunt  question  to  iibk  if  acids  and  alkalies 
might  also  be  so  stealthily  adrninibtered  to  a  part  of  a  living 
animal  (either  brainless  or  normal)  m  to  caur-e  (ie>h  u(  tion  of 
sue  without  liaving  ever  producfMl  jnoveuient.  'I'liis  (juoslinn 
Frat?cher  took  up  nndor  the  direction  of  Prever,  and  he  had 
already  succeeded,  as  he  believed,  in  demonstrating  the  truth  of 
the  hypothesis,  when,  by  Dr.  Foster's  paper,  his  attention  was 
called  to  the  explanation  of  the  efi'ecta  of  thermal  stimuli  gradu* 
ally  applied,  and  to  the  need  for  a  repetition  of  Heinzmann's 
work.  This  he  undertook,  and  he  reiterates  all  of  Heinzmann's 
results,  contradicting  some  of  Fosters  statements  in  a  way 
which  will  shortly  be  described.  He  finds  that  heat  stimuli,  as 
well  as  acid  and  alkali  stimuli,  if  only  applied  slowly  enough, 
may  be  concentrated  so  far  as  to  produce  tissue-death  without 
giving  even  a  solitary  movement. 

Bosenihal^  in  a  brief  summary  of  his  Studies  on  Reflezee,^' 
published  in  1875,  states  as  one  result  of  his  work,  that  cooliug 
depresses  reflex-excitability.  This  result,  it  will  be  observed,  is 
practically  opposed  to  the  conclusions  of  Tarchanow,  Foster,  etc. 

In  the  same  year,  Freusherg^*  makes  use  <tf  the  experiment  of 
Tarchanow  '  (jtioted  above,  and  verities  it.  lie  endeavors  to 
explain  it  upon  his  theory  of  •*  latent  stinuilation,"  and,  what  is 
of  great  interest,  shows  that  not  only  will  ice-packintr  enormously 
raise  the  rellex-excitabi]it>-,  but  that  packing  in  hot  sand  will  do 
the  same  thing,    (ef.  Areliaii<i;elsky.") 

Ue  distinctly  atiirms  that  an  explanation  is  not  to  be  sought 
for  in  a  general  reduction  of  body  temperature,  ^*for  this,  on 
the  contrary,  effects  a  general  inactivity  of  the  oiganism ;  and 
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besides,  the  plienoinenon  is  so  quickly  produced  bj  the  ice-paek- 
iiig  that  it  cannot  be  ascribed  to  that  c;iu?e." 

JVeusburg  wtus  at  once  attacked  by  Tarchanow^^  who  refused 
to  accept  his  exj)hination  of  the  increased  excitaljility  seen  in  a 
frog  packed  in  ice.  Tarclianow  states  that  lie  prefers  an  exph^u- 
ation  ofiered  (he  omits  to  say  whero)  "  already  sonic  years  ago,** 
and  states,  as  showing  the  falsity  of  Freusberg-s  theory,  that  an 
ex^ungiiinated  frog  does  not  sliow  the  same  phenomenon  which  he 
observed  in  1871.  From  this  observation  he  concludes  that  the 
blood  is  an  essential  element  in  the  experiiiK  nt,  ai  J  seeks  to 
account  for  the  facts  by  supposing  that  the  heightened  excitabil- 
ity is  due  to  an  excess  of  oxygen,  the  result  of  cessation  of  ra])id 
oxidatious,  or  by  copsideriug  a  deiiciency  of  CO*  as  the  active 
<»U6e,  etc.,  etc. 

J^reusbcrg^'^  retunis  the  attack  by  showing  defects  in  Tarcha- 
now's  method  and  obscurity  in  his  results,  lie  seeing  to  me  to 
have  decidedly  the  best  side  of  the  question. 

The  pecoud  part  of  Wundt^s^^  Untersuchungui  appeared  in 
187f>,  and  contains  one  section  devoted  to  the  influence  of  iem- 
peralure  and  the  time  of  year  upon  the  reflex-excitability  of  the 
frog.  He  has  worked,  however,  only  upon  the  effects  of  lower- 
ing, and  not  upon  the  effects  of  raising  the  temperature.  By  em- 
ploying methods  similar  to  those  of  Tarchaiiuw"  and  Freusberg" 
(mentioned  above)  he  has  substantiated  and  somewlint  extended 
their  results.  By  ice-packing  of  the  trunk  he  obtains,  like  them, 
en  incn^ased  retl ex-excitability,  which,  however,  passes  over 
speedily  into  gradual  depression,  and  tin^llj  into  a  condition  of 
coni]»lete  inactivity  under  stimulation. 

Ilis  explanation  of  the  phenomenon  is  somewhat  unlike 
Freusberg's,  which  apparently  he  had  not  seen,  and  cannot  be 
given  in  full  at  this  point.  He  considei-s  it,  however,  as  due 
partly  to  heightened  activity  of  the  motor  nerves  and  partly  to 
central  nervous  changes.  He  further  points  out  a  singular  effect 
of  cold  upon  thf  ftj>asms  caused  by  strychnia.  He  afiinns  that, 
as  is  well  kiiowji,  a  oiuall  dovse  will  produce  violent  spasms  at  the 
ordinary  tejnj)erature,  while  he  adds  that  even  large  doses 
produce  no  etl'ect  u])on  a  frog  in  the  cold.  It  is  interesting  to 
compare  these  results  with  tho^e  of  Kiitide '  given  above. 
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In  closing,  Wundt  Biiggeets  that  his  experiments  seem  to  ofier 
a  sufficient  explanation  of  the  yarions  changes  which  frogs 
nndeigo  in  respect  to  their  rellex-^idtabllity  during  the  various 
seasons. 

The  latest  contribution  to  this  subject,  so  far  as  I  know,  is 
embodied  in  a  suggestion  offered  bj  Langendorff}^  This 
writer  found  that  stimuli  appear  normally  to  travel  along 
the  optic  nerve,  and  to  inhibit  reflex  actions  to  some  extent, 

perhaps  by  exciting  the  so-called  "inhibitory  centres"  of  Sets- 

cliuiiow.  He  recalls  an  observation  of  Fubiiii,  that  after 
blinding  the  retlex-excitability  of  a  frog  is  increased,  sees  in 
it  a  euiitirination  of  bis  own  idea,  and  adds  tliat  be  is  inclined  to 
believe  the  rise  of  irritability  alter  ice  pack iuf;:,  observed  by 
Tarchanow"'  and  Frensbersr/*  to  l»e  due  to  an  amiffethesia  of 
the  skin,  whicli,  if  I  understand  liini,  no  longer  sending  in 
exciting  Btimuli  to  the  inhibitory  centrei?,  allows  them  to  relaj^e 
into  quiet,  and  thus  brings  about  heightened  excitability. 

The  writer  of  the  present  paper  was  led  to  take  np  this  sub- 
ject by  a  perusal  of  Dr.  Foster's  article  referred  to  above,  and 
more  especially  by  certain  evidence  and  conclusions  re(  orded  by 
Dr.  Foster  which  seemed  to  be  scarcely  harmonious  with  well 
established  physiological  laws.  The  results  of  his  investigations 
(which  have  now  extended  over  a  considerable  period)  have  jus- 
tified him,  he  believes,  in  making  still  further  studies.  The  pres- 
ent communication  will  be  devoted  chiefiyto  a  review  of  certain 
parts  of  Dr.  Fostcr^s  paper,  and  to  the  description  of  some  new 
observations  bearing  upon  the  problems  at  stake. 

IL   The  £xperimmt  of  QoUz. 

As  has  been  stated  above,  it  was  j)ointed  out  long  ago  by 
Goltz  that  the  brainless  frog,  if  allowed  to  resit  in  water  the 
tcmperntiire  of  which  is  gradnally  raise<!,  I)ehavc8  wholly  tndike 
the  normal  frog  under  the  sanie  circumstances.  The  normal  frog 
leaps  away,  or,  if  contined,  becomes  violent  in  his  attempts  to 
escape  as  soon  as  tlie  temperature  of  the  water  reaches  30®  or 
thereabouts,  while  in  the  Bame  vessel  the  brainless  £rog  sita 
motionless  until  death  supervenes. 
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This  observation  was  repeated  and  verified  by  Dr.  F(l^ter/* 
who  saw,  however,  in  the  bclmvior  of  tlie  bruiniesa  frog  a  new 
problem  which  had  not  been  touched  by  (ioltz.  Goltz's  experi- 
ment no  donbt  demonstrates  as  t  U  jirly  as  he  meant  to  have  it, 
a  difference  between  the  normal  and  the  brainless  frog ;  but,  as  Dr. 
Foster  obfiervefi,  it  presents  a  new  difficulty,  viz.,  "  why  the  brain- 
less frog  is  not  excited  to  reflex  action  bj  the  stimulus  of  the  hot 
water?" 

It  might  have  been  expected  that  a  frog  in  full  possession  of 
his  faculties  would  be  more  acute  than  a  brainless  frog  in  per- 
ceiving a  temperature  which  was  gradually  rising  to  a  painful 
pitch,  and  more  prompt  and  skilfnl  in  his  endeavors  to  escape 
than  his  neighbor  destitute  of  a  brain  and  scarcely  recovered 
from  a  recent  profound  operation ;  but  it  would  not  have  been 
predicted  that  a  decapitated  frog,  whose  reflex  functions  are  well 
known  to  be  keenly  alive  and  even  more  delicately  adjusted  and 
more  cisily  iiruubL'd  than  those  of  the  normal  frog,  would  sit 
unmoved  in  tlie  presence  of  abundant  stimuli  until  it  perished 
from  cxcc'i^ive  heat. 

It  is  ti  surprisinir  fact  that  althougli  provided  with  a  delicate 
rcHcx  apjiaratiis,  ordinarily  responding  to  feinall  heat  stimuli 
quite  as  well  as  to  acids'  or  liieciianical  injury,  the  lirainless  frog 
remains  perfectly  calm  in  the  presencre  of  nmltitudes  of  power- 
ful stimuli  which  are  attacking  large  areas  of  his  sensitive  si  in, 
and  makes  not  a  single  reflex  movement  worthy  the  name.  iStiU 
more  astonishing  is  it  when  we  learn  that  during  this  period  of 
calm,  very  complex  and  orderly  reflex  movements  can  be  evoked 
by  a  gentle  touch  or  a  drop  of  dilute  acid,  proving  that  the 
reflex  apparatus  is  not  paralyzed,  but,  for  some  reason,  though 
wide  awidce  to  other  and  apparently  feebler  calls,  is  deaf  to  thoso 
of  the  heat  stimuli 

This  problem  which  Dr.  Foster  has  pointed  out  he  has  also 
endeavored  to  solve,  fie  has  extended  and  modified  Goltz^s 
experiment,  using  for  the  purpose  brainless  frogs  suspended  by 
the  jaw,  and  immersiiiij^  the  hinder  parts  to  various  depths  in 
water  whose  temperature  could  be  gradually  rai.-ed.  In  this  way 
various  definite  areas  of  the  body-surface  could  be  exposed  to  the 
action  of  f^^raduiulj- heated  water,  and  his  results  are  described  by 
him  as  follows : 
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"  OhervaHon  L  If  a  frog^  from  which  the  hrain  hn  been  lemoved, 
be  suspended  by  the  jaw,  with  the  Jegp  hanging  freely  down  and  the 
toes  dipping  into  a  Teasel  of  water,  on  .gRMliiaUy  heating  the  water 
the  toes  ore  withdiawn  by  reflex  action  as  soon  as  the  tempeiatiue  of 

the  water  reaches  a  little  over  30°.  The  resolt  does  not  eseentiftlly 
doi>ciHl  on  the  rapidity  of  the  rise.  Howerer  slowly  the  M-ator  be 
heated,  the  feet  are  always  withdrawn  at  a  temperature  of  3o°  or 
earlier,  liapid  heating  may  possibly  lower  the  degree  at  which  the 
feet  me  withdrawn  :  but  to  this  I  haye  not  paid  particular  attention. 
"Whether  luatf-d  sinv  l  v  or  ra])idly,  the  leet  are  withdrawn  at  about 
86°  C.  or  at  a  loner  teni]>erature. 

Observation  ii.  If  tlie  whole  body,  fhu.s  j^u^pended,  l)e  piinihirlv  im- 
mersed and  lieuti'd,  nu  moveinentis  (or  only  the  very  sli<rhtcgt  Fpa.^nis 
of  the  muscles  of  the  legs)  take  jdace ;  and  on  8till  further  raising 
the  temperature,  the  body  become  rigid  (rigor  caJoris). 

OhwrvaHen  8.  If  both  legs  be  inunersed  up  to  the  anus  and  simi- 
larly treated,  they  also  become  rigid  withont  morenient  either  of 
ihe  legs  or  of  any  part  of  the  body,  save  only  a  few  spasms. 

Observaiion  4*  If  one  leg  only  be  bmoened  and  similarly  treated, 
it  also  becomes  rigid  withont  movements,  or  with  only  slight  more* 
ments. 

Ohmvaixon  5.  If  both  legs  (or  one  leg)  be  immersed  np  to  the  knee, 
they  are  sometimes  withdrawn,  but  sometimes  no  morements  take 
place,  and  tlie  portion  immersed  becomes  rigid.  Ihe  results  in  this 
case  are  not  so  constant  as  when  either  more  or  less  of  the  body  is 

immersed. 

Observation  Pi.  If  tlie  f«^t  only  are  immersed,  they  are  in?ariably 
withdrawn  at  35°  or  under. 

Obsi  rvatioii  7.  If  a  frog  l>e  suspended  over  a  vepfel  divided  by  a 
partition,  with  water  at  unequal  levels  on  the  two  sidee,  m  tliat  one 
leg  is  wholly  ininicrsed  and  the  foot  only  of  the  other  k%  and  the 
vespel  lie  surrounded  with  water  the  temjtorature  of  which  is  gradu- 
ally raised,  neither  the  leg  nor  the  foot  will  be  witiidrawn,  if  cure  be 
taken  that  the  water  on  both  sides  of  the  partition  be  equally  and 
uniformly  raised  in  temperatnne.  If,  in  this  last  obserration,  tiie 
water  on  both  sides  be  rednoed  to  the  same  level,  botii  iSset  are  witii- 
drawn.  This  resalt  shows  that  worm  air  and  vapor  hove  not  the 
same  efifect  as  waim  water,  and  that  the  absence  of  movomsnis  is  not 
dne  to  the  unavoidable  contact  of  the  thighs  of  the  animal  with  the 
top  of  the  partition  giving  some  support  to  the  Iqapiy  and  .thus 
diminishing  the  tendency  to  the  withdrawal  of  the  &et." 
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It  is  not  difficult  to  repeat  these  experiments  and  to  arrive  at 
aiiOQt  the  same  Tesolts.  It  is,  indeed,  my  own  experience  that  if 
no  apeeiai  attention^  be  paid  to  the  rate  o£  heatuig,  and  that  if  it- 
be  not  too  rapid,  one  will  obtain  rcsult»  agreeing  eseentiaiUy  with. 
Dr.  Foster's.  If,  for  example,  a  brainless  frog  be  immersed  as 
above  described  in  water  at  or  18*^  €.,  and  the  temperature 
be  raised  to  4^  (by  a  lamp  below  the  yeeeel)  in  ten,  fifteen  or 
twenty  minutes,  evente  will  justify  the  above  statements. 

however,  a  powerful  burner  be  need  and  the  water  be  heated 
in  much  less  time  tlian  ten  miniites,  not  even  the  frog  immersed 
to  his  fore  limba  will  remain  qniet,  bnt,  like  the  frog  with  only 
his  teet  immersed,  will  exhibit  violent  movements.  It  is  easv  to 
prove,  and  is  practically  admitted  by  all  observers,  that  underheat> 
ing  which  is  at  all  entitled  to  be  called  gradual,"  the  immersion 
of  an  actively  reflex  frog  suspended  as  described  above  and  im- 
mersed to  the  fore  limbs  or  to  the  anus,  will  bring  aboat  such  a 
state  of  things  that  the  animal  will  pass  into  heat  rigor  without 
making  a  single  movement  of  eonaeqncnce. 

A  year  betbie  Foster's  work  was  published^  Heinsmann^  had 
found  that  by  gradual  heating  of  an  entire  frog,  or  even  of  only 
one  hind  leg,  the  temperature  of  the  animal  or  of  the  part  might 
get  to  be  so  high  as  to  produce  rigor  and  yet  withoat  the  least 
difitnrbanee  of  its-  general  reposa.  He,  however,  puts  special 
stress  upon  the  effects  of  very  gradual  heating,  and  makes  the 
important  discovery  that  even  a  normal  frog  may  be  made  to 
perish  In  Ae  same  way  without  a  struggle,  provided  only  that 
the  inerease  of  heat  be  gradual  enough.  This  Btateinent  in- 
yolvea  a  direct  contradiction  of  the  statements  of  Goltz,'^  Tarcha- 
now^  and  Foster who  have  all  agreed  that  under  gradual  heat- 
in|f  the  normal  firog  becomes  violent  in  his  attempts  to  escape. 
13ie  contvadietion  ia-  only  partial,  however,  for  any  one  in  half 
an  boor  ean  prove  to  his  satisfaction  that  the  three  observers 
are  correct ;  while  ^m^^eA^r  ^  has  fully  justified  Heinzmann. 
The  truth  appears  to  be  that  if  the  heating  be  sullicicntly  grad- 
ual, no  reflex  movements  will  be  produced  even  in  the  normal 
hog;  if  it  be  more  rapid,  yet  take  place  at  such  a  rate  aa 
to  be  fairly  called  "  gradual,"  it  will  not  secure  the  repose  of  the 
normal  frog  under  any  cirenmstances,  though  it  will  do  so  for 
tlie  reflnr  frog  if  only  enough  of  his  skin  be  immersed,  while 
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it  will  fail  if  only  a  small  portion  be  dip)>ed ;  again  if  the 
temperature  rises  so  rapidly  as  scarcely  to  be  called  grad- 
ual'* ID  its  upward  progress,  not  even  the  reflejc  frog  will 
remain  quiet,  though  wholly  immersed,  but,  like  the  normal 
frog,  will  exhibit  violent  movements. 

Heinzmann  did  not  experiment  with  immersion  of  the  feet 
only,  so  that  an  interesting  question  was  left  after  the  pu|)er  of 
Dr.  Foster  appeared,  as  to  whether  or  not  Heinzmann  would 
have  succeeded  in  keeping  the  frocr  quiet  by  his  extrcnioly 
gradual  heatinc:  liad  he  immersed  only  so  small  a  portion  of  tlie 
animal  as  the  feet.  This  question  has  been  answered  in  the  affir- 
mative by  Fratschcr^^  who  found  that  he  eould  warm  even  tho 
normal  frog  to  the  point  of  rigor  by  immersing  merely  the  feet. 
My  own  work  points  in  the  same  direction  ;  and  we  may  take  it 
as  settled  that  Foster  was  mistaken  when  he  came  to  the  conclu- 
sioDs  laid  down  in  Ohs.l,  I  believe  that  I  can  explain,  how> 
ever,  the  result  which  Dr.  Foster  obtained.  In  my  own  case,  at 
least,  I  found  that  it  was  due  to  reflex  movements,  caused  by  diy- 
ing.  When  the  feet  only  are  immersed  a  vety  large  part  of  the 
body  is  exposed  to  the  dry  air  of  the  room,  and  the  naturally 
moist  skin  of  the  frog  dries,  producing  reflex  movements.  In  a 
moist  chamber  it  is  not  very  difficult  to  raise  the  tempe  rature  of 
the  water  in  which  the  feet  are  dipping,  higher  than  35^  without 
causing  movement. 

It  is  plain  from  what  has  been  said  that  the  smaller  the  por- 
tion of  the  animal  immersed  tlie  more  difficult  it  is  to  heat  with- 
out producing  movements,  and  the  more  gradual  must  be  the 
rise  of  tem])erature.  Moreover,  since,  as  the  part  immersed  gets 
smaller,  the  surface  exposed  to  outside  stimuli  gets  larger;  wliile, 
at  the  same  time,  tlie  lieating  must  be  more  gradual  (thus  yn:*- 
longing  the  period  of  exposure  i  and  the  tendency  to  movements 
gets  greater,  the  slight  stimulation  due  to  drying,  and  perhaps 
to  the  coincident  cooling  of  the  not  immersed  parts,  becomes  an 
important  factor  in  the  experiment ;  a  factor  which  is  less  im- 
portant and  can  be  neglected  when  much  of  the  body  ia 
immersed,  but  which  may  lead  to  error  when  the  feet  only  are 
dipped.  At  least  one  safe  conclusion  may  be  drawn  at  this  point. 
It  is  plain  that  if  Goltz  had  slightly  varied  the  conditions  of  hia 
experiment;  if  his  brainless  frog  had  not  been  in  contact  with 
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Uie  heated  water  b}'  a  toleral)ly  large  surface,  he  would  have 
failed  to  demonstrate  hy  this  expuriment  that  ditlerciice  between 
the  normal  aud  the  headless  frog  for  whifh  he  was  seokinu!;. 

We  have  next  to  consider  why  it  is  that  the  retlcx  (and  the 
normal)  I'rug,  in  full  possession  of  healthy  end-organs  to  detect 
and  sensory  nerves  to  transmit  painful  impressions,  may  never- 
theless exhibit  total  indifference  to  temperatures  which  are 
gradually  raised  so  high  as  to  kill  the  tissues  immersed.  Diifer- 
ent  explanations  have  been  otfenMl  ])y  Goltz, llein/.m  inn  ^  and 
Foster*"  respectively,  and  that  of  (tolt/,  may  be  conveniently 
referred  to  hrst.  I  have  not  seen  his  original  comjuunication 
upon  the  subject,  but  if  one  may  judge  from  the  context  in  the 
description  of  the  experiment  given  in  1869,  it  appears  that 
Goltz  ^  considers  the  lack  of  movement  to  be  due  to  lack  of"  per- 
ception/' He  regards  the  failure  to  move  under  abundant 
stimuli  as  showing  this  lack  of  perception,  not  wanting  in  the 
nornu4l  frog,  which  therefore  disj)lays  movements.  If  this  be 
the  theory  of  Goltz  to  account  for  the  (juiet  of  the  reflex  frog  it  is 
plainly  defective,  since  the  rellex  functions  of  the  brainless  frog 
surpass  in  delicacy  those  of  the  nornuil  one. 

The  theory  of  Ileinzmann^^  who  approached  the  subject  from 
an  entirely  different  standpoint  and  while  endeavoring  to  solve 
adifierent  problem,  may  conveniently  be  deferred  until  the  theory 
of  T'VAv/tv,  who  was,  I  believe,  the  first  to  raise  the  ]>oiiit  at 
issue  and  who  luis  given  the  subject  its  most  exhaustive  treatment, 
shall  have  been  reviewed. 

After  describing  the  results  of  his  iDTestigstion  in  the  passage 
quoted  above,  Dr.  Foster  writes  as  follows  (p.  46): 

•'The  above  oh:?orvations  show  that  when  tho  t<>es  (alone  innnersed 
in  water)  hi  L'iu  to  he  uUected  by  the  high  tviniK  iature,  say -^0°  C, 
the  stimulus  of  the  hot  water  causes  a  rellex  an  ion  which  re^ulta  in 
the  withdrawal  of  the  foot.  Wlion  the  whole  Ir^,'  or  bodv  is  innnersed, 
the  same  stimulus  is  still  ui  work,  hut  no  rellex  action  occurs.  What 
is  the  reason  that  reflex  action  is  absent  ? 

The  following  explanation  is,  perhaps,  the  first  to  <^er  iteelfl  The 
warmth  apjdied  to  the  leg  diminishes  the  irritability  of  the  nerves  or 
of  the  mnBcles,  or  of  both;  and  ihns  the  impulses  generated  bj  the 
warm  water  in  the  sensory  terminations  of  the  nerves  of  the  foot  are 
not  carried  np  to  the  cord,  owing  to  the  diminished  irritability  of  the 
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sciatic  trunk,  or,  l3eing  so  carried,  the  reflex  proees**  tHking  place  in 
the  cord  eafmnt  manifest  iti^elf  on  iiocoiuit  ol  til©  diuuiiished  irrita- 
bility of  the  niuecleaor  motor  nerves. 

But  this  view  is  clearly  imtenuble.  It  re(juires  tlnit  ilie  nerves  and 
muscles,  covered  and  protected  by  the  skin,  shf>uhl  be  affected  before 
the  sensory  terminations  in  tlie  skin  itself.  Moreover,  no  appreciable 
difren  uee  in  the  irritability  of  tlie  nerves,  trunks  or  muscles  of  a  leg 
thus  exposed  to  35**  C.  could  be  detected.  And  it  is  directly  contra- 
dicted by  Obs,  7,  where  the  immersion  of  one  leg  prevents  movcmentg 
in  the  otlier. 

Two  otlier  views  then  suggest  themselves. — (1)  The  blood  return- 
ing fioiii  the  legs  being  warmer  than  the  normal,  ruii^es  the  t<.'ni))era- 
ture  of  the  spinal  cord  above  the  normal :  this  reduces  the  irritability 
of  the  cord,  and  hence  reflex  actions  set  going  by  a  feeble  stimuln?, 
which  in  a  normal  cord  would  manifest  thonl^:elves,  are  here  aUsi'nt* 
(2)  From  the  stimulation  of  the  whole  leg  as  com|>ared  with  that  of 
the  foot,  a  multitude  of  impulses,  arising  from  all  parts  of  the  skin 
exposed  to  the  warm  water,  reach  the  spinal  cord.  'i'he«e  jjroduce 
such  an  etiect  upon  the  oord  that  the  simpler  reflex  action  resulting 
from  the  stimulation  of  the  toes  alone  is  prevented." 

It  will  bo  observed  that  the  ^neBtion  raised  in  the  first  part  of 

tlie  passage  here  quoted,  in  view  of  what  has  been  said  above, 

would  now  have  to  be  stated  somewhat  diiierently  ;  nevertheless, 
the  question  is  at  bottom  mucli  the  same,  viz.  why  the  frog  is 
not  excited  to  reflex  action  by  the  stimulus  of  the  hot  water,  tt 
may  l>e  well  also  to  recollect,  at  this  point,  that  the  rapidity  with 
which  the  temperature  may  be  r?ii?ed  without  causing  rellex 
movements  seems  to  depend  iargelj  upon  the  amount  of  surface 
immersed. 

♦  It  will  be  instructive  to  follow  the  evidence  which  leads  Dr. 
Foster  to  accept  as  the  principal  cause  of  the  phonomcnoD  in 
question,  the  former  of  tho  two  viewB  which  he  has  suggested 

III.  Is  U  true  ihai  the  hraMess  frog  eit$  moUofUee*  m  wtw 

which  is  gradmUy  heated,  hecame  the  frHMUify  of  his  spinid 
cord  ie  depressed  hy  heat  brought  by  the  Mood  from  a  remote  jHirt 
of  the  body  f 

Tliia  is  the  theory  finally  adopted  hy  Dr.  Foster;  hence  it 
must  be  specially  examined.    It  involves  one  very  conspicuous 
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objection,  however,  which  Dr.  Foster  has  not  OTerlooked^  bat 
which  he  dwelk  upon  ia  these*  woidA  (p.>  50) : 

"111  nil  observations  on  the  effect  of  a  rise  of  temperature  on  living* 
animal  lisoues,  the  state  of  exhunstion  or  depres^siou  wliieh  nliunaucly 
ensues  is  preceded  by  a  stage  of  exultation  in  which  the  functions  of 
the  tissne  are  raised  above  (he  normal.  This  u  well  shown  m  the 
caae  of  moBcks,  nerrea  and  the  heart  In  none  of  the  obaenraifciana 
i«odrded  aboye  was  there  any  indication  of  such  an  initiatiTe  stage  of 
inoi'eased  action.  Had  there  been  it  wonld  natnrall  j  have  led  lio  the 
withdrawal  of  the  feet  in  all  cases.  And  the  absence  of  this  presented* 
«  giest  difficulty  considering  tthe  resnlta  obtained'  as  being  merely 
diie  to  a  depression  of  the  powers  of  the  spinal  cord  by  reason  of  the 
ineveased  temperature. 

"  Some  observations,  however,  made  in  the  laboratory  here  by  Mr. 
T.  0.  Hariiing,  aflbrded  a  oluc,  by  pointing  out  a  diatinetifHi  between 
simply  and  directly  raising  the  temperature  of  an  organ  or  a  tissue, 
and  indirectly  heating  it  by  supplying  it  with  blood  heated  beyond 
the  normal  in  some  distant  part  of  tlie  economy.  Thus  the  henrt  of 
a  frog,  cither  empty  or  filled  with  sernm,  when  heated  heats  with  a 
more  frequent  rhythm  and,  at  firsts  vvitli  greater  force.  But  the  f?anv* 
heart  when  indirectly  heuted  by  the  immersion  of  the  legs  of  the  frog 
in  hot  water  (the  heart  remaining  in  the  body  and  the  brain  and 
spinal  cord  being  destruj  ed)  is  lowered  at  once  both  in  the  force  and 
frequency  of  its  beat,  by  reason  of  the  heuted  blood  with  which  it  is 
supplied.  This  result  leads  us  to  expect  that  in  the  same  way  the 
spinal  cord,  if  heated  by  being  supplied  with  blood  heated  beyond 
the  normal,  wonld  be  depressed  without  any  preceding  stage  of  exal- 
tation, and  thus  reflex  actions  which  otherwise  Would  have  occtfrred 
be  prevented.  The  obiterfation,  Oh^  7,  where  the  hesting  one  leg 
pievente  reflex  action  In  the  other,  seems  to  point  distinctly  ftf  snch' 
n  explanattion.'* 

Those  "  ol)servation8  "  of  Mr.  Harding  were  what  dnnr 
attention  to  this  subject  in  the  first  place.  If  true  they  are  of 
extreme  importanoeb  If  an  oi^an,  either  empty  or  full  of  bloody 
ia  to  b^iave  iu  one  way  when  directly  heated,  and  in  another 
way,  exactly  the  reverse  of  tlie  former,  when  blood  heated  in  a. 
remote  part  is  passed  through  it,  it  is  certainly  a  vcfy  snrpriwug 
faet)  well  worthy  ef  thorough  investigatioo.  I  hare  not  fomd, 
howarer,  any  oUier  reference  to  Mr.  Hanling'f  woork,  ood  am 
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forced  to  believe  that  he  pniBiied  it  no  farther.  I  am  also  in  the 
dark  as  to  hia  exaet  meUiod  of  experimentation,  bnt  I  asenxne 
that  hia  frogs  were  hnng  np  by  the  jaw  and  the  legs  only  were 
immersed  in  water,  aa  seems  to  be  implied  in  the  passage  just 
quoted ;  if  they  were  not,  it  is  possible  that  some  of  the  remarks 
I  am  abont  to  make  may  be  irrelevant. 

The  results  of  Mr.  Harding*s  work  which  have  given  Br.  Foster 
a  **  cine  seemed  so  novel  that  I  set  to  work  to  see  if  some  expla- 
nation of  the  facts  could  be  obtained  wliieli  would  not  compel 
us  to  believe  tliut  heating  of  the  froth's  heart  fruiii  the  inside  by 
blood  warmed  in  a  remote  part  has  an  effect  upon  it  diametri- 
cally oppoiied  to  the  effects  of  heat  directly  applied  I'roin  the  out- 
side. I  began  hy  making  preliminary  cxperimcntp,  and  employ- 
ing the  method  that  I  f?up]>ose  Hording  to  have  used,  viz.  liang- 
ing  the  frog  1)y  the  jaw  utter  destroying  the  brain  and  spinal  cord. 
The  heart  was  exposed  by  a  small  hole  cut  in  the  chest  wall,  and 
I,  like  Harding,  saw  that  the  heart  beat  slower  as  the  tempera' 
tore  of  the  water  about  the  legs  in  the  vessel  below,  rose. 

Bearing  in  mind  the  work  of  Oyon,^  who  has  shown  that 
passing  hot  blood  through  the  mammalian  brain  slows  Uie  heart 
beat  by  stimulation  of  the  vagns,  I  was  led  to  inquire  if  it 
might  not  be  that  in  tlie  experiments  of  Harding,  the  hot  circu- 
lating blood  acting  as  a  common  heat  stimulns,  irritated  directly 
the  trank  of  the  vagus  somewhere  along  its  course,  and  so  over- 
came (by  ordinary  vagns  inhibition)  that  increase  of  function 
which  the  heated  blood  might  be  supposed  to  induce  in  the  heart 
iteelf.  It  was  bnt  a  forlorn  hope ;  for  aaide  horn  the  fact  that  the 
hot  blood  pouring  through  the  caviticB  of  the  organ  would  be 
presumably  the  more  powerful  stimniu^^,  it  nii^Lt  also  be  ex})eeted 
that  the  vagus  would  soon  get  wearied;  though  between  the  two 
antagonizing  forces  we  should  look  for  intermittent  or  irregular 
pulsations — which  we  never  get.  Still  it  was  possible,  and  so  I 
tested  the  idea  bj  making  another  experiment,  after  previous 
administration  of  a  snuill  dose  of  atro})inc  sulphate.  This  doubt- 
less paralyzed  the  vagus,  but  the  result  of  the  experiment  was 
exactly  the  same  as  before :  the  heart  beat  steadily  slower  as  the 
water  about  the  legs  grew  warmer. 

In  repeating  Harding^s  experiments  with  the  frog  ?nspended 
by  the  jaw  and  liis  legs  in  heated  water,  I  was  struck,  however. 
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with  the  omptiness  of  the  lieart.  Its  paleneRS  and  feeble  l)eat  were 
conspicuous;  the  aortic  arclics  were  white  and  empty,  while 
the  vessels  of  the  thighs  seemed  gorged  with  blood.  To  the 
eye  tliere  appeared  to  be  little  or  no  circulation,  and  I  was  tlius 
led  to  ask  :  Does  the  blood  in  these  cases  really  circulate  so  as  to 
heat  the  heart  ? 

If  we  reflect  upon  the  conditions  we  mufit  admit  that  tliey  are 
highly  unfavorable  for  a  good  circulation.  The  brain  and  spinal 
cord  having  been  destroyed,  all  vasomotor  centres  are  out  of  the 
question,  and  their  influence  in  maintaining  blood  pressure  is 
lost;  hence  resitstance is  removed,  arterial  pressure  falls,  and 
the  blood  flows  freely  from  the  heart  and  arteries  into  the  veins ; 
here  it  settles  slowly  into  the  legs  and  viscera,  and  remains  there 
(respiratinii^  and  movement — the  conditions  requisite  for  adequate 
venous  pressure — having  long  since  ceased)  under  the  simple 
influence  of  gravity.  If  the  wel)  be  examined  with  a  microscope, 
no  circulation  will  be  detected  in  a  frog  destitute  of  spinal  cord 
and  hanging  by  the  jaw.  T  can  scarcely  suppose  that  Dr.  Foster 
and  Mr.  Harding  have  overlool<ed  so  elementary  a  fact,  if  indeed 
their  experiments  were  conducted  in  this  way:  but  the  heart 
certainly  does  beat  slower  in  these  cases,  while  the  legs  are 
gradually  heated,  tliough,  contrary  to  Mr.  Harding's  belief,  no  hot 
blood  passes  through  it.  A  thermometer  ])hieed  upon  tlie  heart 
or  among  the  viscera,  or  in  the  stomuch  near  by,  if  the  heart  goes 
slower,  never  shows  any  rise  of  temperature,  though  the  tempera- 
ture of  the  water  about  the  legs  may  be  raised  from  20°  to  40*^ 
while  the  observation  is  beiug  made;  conversely,  if  in  any  such 
case  the  heart  does  beat  faster  it  will  always  b©  found  to  be 
warmer  than  before. 

Moreover,  quite  aside  from  temperature  changes,  I  have 
repeatedly  seen  the  heart-beat,  in  a  frog  destitute  of  brain  and 
spinal  cord,  fall  as  much  as  from  forty-four  to  twenty-eight  beats 
per  minute  on  simply  changing  the  position  of  the  animal  from 
the  horizontal  to  the  vertical.  In  short,  from  numerous  experi- 
ments I  am  forced  to  conclude  that  in  cases  similar  to  those 
described  by  Dr.  Foster  as  observed  by  Mr.  Harding,  the  heart 
beats  slower,  not  because  of  heat  nor  from  heated  blood,  but 
owing  perhaps  to  starvation ;  possibly  to  a  zero,  or  even  nega- 
tive veuous  pressure^  or  to  some  cause  equally  remote.  In  every 
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case  where  the  lieart  was  actually  heated  by  warm  blood  ita 
b«ata>  were  inoreafied  in  frequency^  often  to  a  surprising  extent. 

It  must  not  be  forgotten  that  we  have,  in  the  vessels  of  the  frog 
destitate  of  laain  and  apJnal  cord>  &  sjsteni  Gf  flaecid  tubes,  only  par- 
tially filled  with  a  fluid  which,  with  little  or  no  hindrance,  obeys  the 
laws  of  gravity.  It  will  be  found  that  with  no  yital  spinal  cord,,  the 
frog'f  heart  beharves  very  difllbrentlj  according  as  the  animal's  body  ia 

{a)  horitontal; 

(b)  vtrHeai,  with  head  higAe^ 

(c)  verHeal^  vriik  fed  ttpptrnmi. 

The  heart  of  a  fh^  lying  horizontal  in  a  piui  of  water,  and  httring 
the  spinal  cord  intact^  beats  regnlarly  and  powerfnlly,  diiTing  into 
the  arteries  with  considerable  meigy  the  blood  which  goes  to  keep 
up  the  head  of  arterial  pressure.  In  the  fh>g  destitote  of  a  spinal' 
cord,  however,  it  will  often  be  found— partiienlarly  if  care  has  been 
tainn  to  destroy  all  of  the  cord — that  the  arches  springing  from  the 
base  of  the  heart  are  white  and  empty;  while  if  the  beats  be  counted, 
it  will  frequently,  indeed  usually,  appear  that  the  rate  per  minute  ia 
growing  less  and  less  N"ow,  the  truth  is  that  in  this  case  there  is 
little  or  no  circulation.  The  heart  is  really  the  highest-  oriian  in 
the  proRtrate  fhioeid  body:  and  on  the  familiar  principle  that  lif|uid3 
will  not  freely  run  up  hill,  the  venous  blotxl  rjubjecled  to  no  vis  a 
terf^  in  tlie  inu.seles,  and  free  irom  the  jmll  of  thoracic  aspiration, 
higs  l)i»hiud  and  giavitatea  into  the  lowest  veins.  If,  perchance,  any 
venou.s  blood  gets  erowde<l  up  through  the  auric  les  and  into  the  ven- 
tricle, it  is  .speedily  pumped  down  the  hill  again  through  the  arteries, 
and  by  tlieir  elasticity  is  driven  ou  into  the  veins. 

I  have  repeatedly  seen  cases  lihe  the  fbllowiug,  which  may  serve 
as  a  type;  it  is  an  actual  obserration. 

A  small  bull  frog  had  his  medulla  divided  and  his  brain  destroyed 
at  10  A.  M.  He  lost  very  little  blood  and  rested  quietly  in  a  pan  of 
water  until  Just  before  the  beginning  of  the  observations,  when  Hie 
heart  was  eipeeed  (but  left  in  the  pericardium)  by  a  small  hole  made 
in  the  ventnd  ch^t-wall.  Observations  were  made  once  in  three 
minnies. 
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No.  of 

OliiwilintirtTi 

Time. 

Rftte  of  Heart  Beat 

Remarks. 

1 

11.28 

85 

Axch«8  wr  red  aad  falL 

2 

11.31 

34 

8 

11.34 

34 

Btilbus  arteriosus  beating 

4 

ll.»7 

33 

very  powerfQlly. 

6 

11.40 

84 

6 

11.13 

34 

Spinal  cord  destroyed  st 

7 

11.46 

39 

11.44.  Arches  paler. 

8 

11.49 

31 

9 

11.5,2 

27 

Arches  white  tuid  appar- 

10 

11.55 

S3 

ently  empty. 

11 

11.58 

23 

12 

12.01 

22 

liuug  Up  by  the  feet. 

13 

12.04 

22 

1-i 

13.07 

23 

15 

12 

^4 

Arches  TeryfnU. 

V\ 

12.13 

25 

17 

12.1  r>; 

24 

IS 

12.19 

24 

(5.)  With  the  body  verliml  and  fht  head  hiyhed,  tlie  coiidilion  of 
things  just  described  ia  aggravated.  The  fore  part  of  the  body 
becomes  exsanguinated,  anderen  the  Tentride,  which,  in  the  case  last 
inentioned,  nsnally  contains  some  small  ammmt  of  blood,  may  get  to 
be  perfectly  pale  and  white.  The  blood  settles  away  into  the  .hind 
legs  and  Tisceral  Toins,  the  great  capacity  of  which  is  well  -known. 
It  may  be  of  interest  to  recall  in  this  connectioii  the  fact  that  after 
the  administration  of  certain  drugs  (e.  g,  quinine)  which  depress  the 
reflex-excitability  of  the  cord  and  hence  impair  the  circnlationi  the 
blood  will  in  the  same  way  be  found  after  a  time  chiefly  in  the  bind 
legs  and  viscera. 

Whether  the  downward  pull  of  the  fluid  due  to  graTity  may  or 

may  not  cause  a  ne,c:ativo  pressure  in  the  heart  I  have  not  ascertained. 
When  the  legp  arc  gently  heated  in  water  of  a  rising  temperature  thf* 
vessels  probably  relax  soim-what,  thus  fiirtlier  robbing  the  heart  of 
blood;  at  any  nite  we  may  take  it  u.s  eertaln  that  in  ther^e  catjeH  the 
heart  is  not  filled  with  wariiied  blood  coining  IVoui  the  legs,  aud  its 
retarded  beating  cannot  be  considered  as  due  to  that  cause. 

(c.)  With  the  body  vertical  ami  the  feet  uppcrtnody  the  l)I»u>(l  preri- 
ously  contained  largely  in  the  hind  legs  and  viscera  flowb  freely  down 
into  Qie  heart  This  organ  fills,  gets  very  red,  and  beats  much  more 
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powerfully.  Tlie  beats  sreiii  also  to  Ijceome  more  frequent,  though 
the  original  rate  is  ^:l'l(lonl  cr  never  attained. 

No  better  deuionst ration  of  the  meaning  of  "  re^^5s^an^e  "  as  an 
element  in  blood -prpfsn re,  of  of  the  fiict  that  this  re-i>tance  is  due  to 
nervous  influenees  re.-iding  chiefly  in  the  cord,  could  be  desired  for 
laboratory  use.  'J'lie  frog  which  has  been  made  to  pass  thrnnirii 
stages  ^/^)  and  (7/ ),  can  be  turned  wilii  now  the  head  and  now  tli*- 
feet  highest  ;  and  the  demonstration  is  complete  of  a  system  of 
partialiy-lilled  tubes  through  which  l)l()od  flows  most  freely,  and 
wliich  in  spite  of  an  active  ]unnp  and  ubnndant  arterial  elasticity  is 
nevertheless,  without    resistance,"  no  circulation  at  all. 

From  the  foregoing  considerations  it  seems  clear  that  if  inj 
observations  are  correct,  the  clue  of  Dr.  Foster  leads  to  noth- 
ing. As  an  analogy  "  supporting  the  theory  nnder  considera- 
tion it  is  worse  than  useless,  for  it  leads  to  results  which  tend  to 
weaken  that  tlieory.  It  is  plain  that  the  heart  of  the  frog  has 
never  yet,  when  freed  from  all  extrinsic  nervous  influences,  been 
made  by  heat  or  by  heatcti  blood  U\  beat  at  first  more  slowly;  on 
the  contrary  it  always  beats  faster  when  fed  with  heated  blood. 

The  theory  that  any  organ  or  tissue  having  a  i)roto]dasmic 
basis  may  so  far  de|)art  from  obeying  the  laws  of  ])rotoj)la?!n  as 
to  reverse  them  completely,  and  under  gentlq  heating  may  sutler 
loss  of  functional  power  with  no  prcUiuinary  phase  of  increased 
activity,  if  true  in  the  case  of  the  spinal  cord  of  tho  frog  (which 
is  plainly  protoplasmic),  stands  now  wholly  unique,  and  mnst  be 
proven  beyond  all  question  if  it  is  to  stand  at  all. 

The  examination  of  tho  evidence  for  and  against  this  theoiy 
will  be  reservofi  for  the  second  paper. 
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NOTES  ON  THE  DEVELOPMENT  OF  FASOPMUB 

8  ATI  (Smith).  By  E.  A.  BIBGE^  PR.  Fko&Mor  of  Zoology 
in  the  XTnivenii^  of  Wisconrin.  With  plates  XXZ»  XXXI, 
2XXn  and  X2LXIIL 

The  observations  on  which  the  following  paper  ia  based  were 
made  at  tlic  JohnB  Hopkins  Snmmer  Laboratory  in  the  summer 
of  1 S78.  The  paper  was  written  in  the  following  college  year 
1878-9,  and  was  lost  in  transmission  to  Baltimore.  Absence 
from  the  conatiy  and  preee  of  other  work  have  deferred  the 
reproduction  of  the  paper  until  this  late  date,  when  it  seems  best 
to  print  only  snch  parts  as  are  directly  concerned  with  observa* 
tiions,  leaving  out  all  general  considerations. 

To  Dr.  W.  K.  Brooks,  the  director  of  the  laboratory,  I  have  to 
offer  my  thanks  for  the  generous  opportunities  for  study  fur- 
nished by  the  laboratory  under  his  cbiurga 

Pcmopams  sayi  (Smith),  and  P,  depresam  (Smith),  are  both 
▼ery  common  in  the  neighborhood  of  Orisfield,  Md.  They 
swarm  along  the  muddy  shores,  under  stones  and  oyster-shells, 
and,  especially  P.  degpremta^  in  the  interior  of  sponges  in  deeper 
water. 

In  spite  of  this  abundance  of  material  I  found  it  impossible  to 
raise  any  one  crab  from  the  egg  to  the  adult  stage.  Specimens 
were  raised  from  the  egg  to  the  second  zoea  stage,  and  the  moults 
observed  from  stage  to  stage  throughout.  As,  however,  many 
moults  do  not  alter  the  form  of  the  zoea,  it  has  been  found  impos> 
Bible  to  determine  the  number  of  these  operations  during  the 
larval  life. 

JEgg-development. — As  my  plan  of  study  did  not  include 
observations  on  the  intraovular  development  of  the  Crustacea,  few 
notes  were  made  on  the  eggs  during  the  first  part  of  my  stay  at 
Orisfield.  When  I  discovered  to  which  crab  my  zoeas  belonged, 
it  was  too  late  to  trace  in  order  the  development  of  a  single  set  of 
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eggs,  and  those  crabs  wliich  I  left  behind  in  different  stages  of 
development  unforttinately  died.  I  can  therefore  present  only 
detaclicd  notes  on  this  part  of  the  life-history. 

The  diameter  of  the  e^^*;  is  about  0.2  inch.  The  yolk  is  com- 
posed of  olive-greeii  globules  of  various  sizes.  The  nauplius 
stage  was  the  first  observed  (Plate  XXX,  l^'igs.  1  and  2).  The  head- 
and  tail-folds  first  appear,  and,  within  a  few  hours,  th  '  tirst  three 
pairs  of  appendages  in  rapid  succession  from  before  backward. 
At  the  siiinc  time  the  telson  becomes  divided  and  the  labrum  is 
marked  oii'  from  the  head.  The  branch  of  the  antenna  soon 
.appears  in  the  fonn  of  a  lobe  on  its  posterior  side.  Both  antennae 
are  from  the  first  directed  toward  the  dorsal  side  of  the  cnihryo, 
and  in  their  growth  Boon  cover  tiie  mandible  (Plate  XXX, 
Pigs.  1  and  2). 

In  the  next  stage  all  the  appendages  of  the  yonng  zoea  are 
.present.  They  rapidly  appear — the  entire  change  from  Fig.  1  to 
Fig.  3  (Plato  XXX)  taking  place  in  less  than  IS  hours.  The 
antonnule  has  become  wrinkled,  r~lto\ving  its  rapid  growth  in 
length;  the  antenna  has  gained  four  small  points  on  the  nndn 
stem,  the  rndiments  of  the  four  great  lobeb  of  tlie  larval  skin.  The 
mandible  is  larger,  otherwise  unchanged.  The  first  maxilla  shows 
traces  of  its  future  lobes,  while  the  second  maxilla  is  bilobed 
from  the  start.  This  last  appendage  is  also  crowded  out  of  place 
and  partly  concealed  below  the  ahdumen.  The  two  maxillipedes 
are  as  yet  simple  outgrowths  of  the  blastodynn,  showing  no  trace 
of  division;  their  long  axis  lies  parallel  to  that  of  the  abdomen. 
The  telson  shows  six  lobes  on  each  side,  the  rudiments  of  the 
future  cuticular  appendages.  The  clefts  separating  the  head-  and 
tail-folds  fruin  the  underlying  blastoderm  are  much  deeper,  and 
the  cephalic  lobes  are  more  definite  in  shape  (Fig.  6,  intermediate 
between  Figs.  3  and  4). 

The  next  stage  is  represented  by  Figs.  4  and  5,  Plate  XXX. 
Fig.  5  is  from  a  slightly  older  embryo  than  that  shown  in  Fig.  4. 
Here  the  larval  skin  is  quite  firm  and  is  easily  demonstrated. 
The  eye  is'clearly  marked  out,  though  still  wi thout  pigment.  The 
antennule  has  its  cuticular  appendage,  and  tlie  rudiments  of 
spines  and  hairs  appear  on  all  appendages  which  are  to  bear 
them.  The  third  maxillipede  has  appeared  and  is  apparently 
larger  proportionally  than  after  hatching,  All  the  uiaxiliipedeB 
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are  divided  into  eendopodite  and  exopoditc,  and  the  s^gpadenta- 
tion  of  the  abdomen  is  plainly  marked.  The  carapace  ispreBont. 
The  jolk  Btill  fills  the  whole  donal  part  of  the  egg. 

Beyelopment  now  goes  on  more  bIowIj.  The  appondagee 
take  on  their  proper  form  within  the  lanral  Bkin.  The  abdomen 
grows  forward  between  the  eyes  and  reaches  nearly  to  the  heart 
The  lanral  skin  grows  out  into  the  long  cnticnlar  appendages  of 
the  antennnle»  antenna  and  telson.  The  hairs  of  the  maxillipedes 
develop  and  are  xnTaginated  into  the  terminal  joints  of  those 
appendages.  Pigment  is  deporited  in  the  eye  and  the  macula 
nigra  appears.  Both  come  at  the  same  time,  or  the  eye  a  little 
sooner.  This  order  of  appearance  reverses  that  of  PaUmonetes 
vulgaris  aa  observed  by  i'axou  i^JJulL  Jlua.  Conij).  Zool.  Vol.  15, 
p.  308). 

The  }  ulk  is  absorbed  and  only  a  few  izlol  nlcs  are  left  at  the 
time  of  hatching.  The  rudiments  of  the  gpmes  of  the  carapace 
appear. 

^trst  Zoea  stage.  SiiU  in  larwU  skin* — Plate  XXX,  fig.  9, 
and  Plate  XXXI,  Fig.  1. 

When  hatched  the  young  Panopseiis  is  still  enveloped  in  the 
larval  skin,  which  it  retains  for  several  hours.  The  time  varies 
with  the  activity  of  the  specimen  from  two  or  three  honn  to 
as  many  as  twenty*foQr.  The  shorter  times  are  the  more  com- 
mon. 

The  skin  is  nnsegmented  and  takes  no  part  in  the  fold  of  the 
carapace^  nor  is  it  prolonged  for  any  of  the  hairs  of  the  appen* 
dag^  or  the  spines  of  the  telscm.  It  bears,  however,  nnmerons 
hairs  itself,  and  has  peculiar  prolongations,  which  will  be  spoken 
of  in  detail  under  the  description  of  the  appendages. 

The  dorsal,  lateral  and  frontal  spines  can  bo  detected  under 
the  skin,  and  these,  as  well  as  the  long  hairs  of  the  niuxillipede, 
are  ready  to  push  their  way  out  as  soon  as  the  larval  skin  is  cast 
off — or  rather  in  the  act  of  moulting.  The  same  is  true  of  the 
invaginated  anteniKi  and  the  spines  of  the  telson.  The  abdomi- 
nal spines  are  merely  indicated.  Numerous  spots  of  black 
pigment  are  present  in  carapace,  abdomen,  mandible  and 
maxillipedes.  The  labrum  is  enormous,  projecting  downward 
between  the  mandibles.  J^o  trace  of  the  tiiird  mazillipede  was 
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Been,  although  it  is  probably  present.  The  thoracic  legs  hare  not 
appeared. 

The  miiBcleB  of  the  animal  are  still  weaki  as  is  also  the  skele- 
ton. The  animal  is  slnggiah  in  its  moyemeDts,  and  nsnally 
carries  the  abdomen  bent,  as  in  Fig.  1,  Plate  XXXI. 

Second  Zoea  stage. — Vlatc  XXXI,  Fig.  2. 

With  the  casting  of  the  larval  skin  the  regular  zoea  form  is 
assumed.  It  is  characterized  chiefly  by  the  great  length  of  the 
dorsal,  and,  cspoeially,  the  frontal  spines,  and  by  the  corret^jwnd- 
ing  lengtli  of  the  aiitennse,  a  feature  in  which  according  to  P'axon 
(Bull.  3fiis.  Cwnj).  Zool.  Vol.  YI,  No.  10)  this  species  stands 
alone.  The  structure  is  shared,  however,  by  the  sister  species 
P,  depresaus,  although  neither  spine  nor  antenna  is  so  long  {ef. 
Plate  XXXII,  Fig.  1 2).  The  maxillipedes  bear  four  long,  joint<ed> 
plumose  hairs  on  the  exopodite.  The  abdomen  has  four  joints 
besides  the  telson,  of  which  the  first  has  a  short  spine  on  eadi 
side,  which  bears  against  the  sides  of  the  carapace  when  the 
abdomen  is  flexed.  The  telson  is  developed  into  a  long  fork, 
bearing  on  the  inner  side  dz  spines^  and  one  on  the  ontside  of 
each  arm.  The  animal  is  very  active,  swimming  and  kicking 
▼igoroiiBlj. 

The  beantifnl  figure  of  Faxon  {BtdL  Mub.  Camp,  ZM.  Vol. 
YI.  Ko.  10,  Plate  11,  Fig.  4)  represents  this  stage. 

Third  Zoea  stage.— FIkXq  XXXI,  Fig.  3. 

The  zoea  moults  a  large  nuuiber  of  times,  some  moultings  mak- 
ing little  or  no  change  of  form.  The  stage  represented  in  Plate 
XXXII  is  reached  after  as  many  as  three  moults.  I  have  kept  a 
zoea  which  moulted  twice  from  the  lirst  stage  without  causing 
any  change  of  form. 

The  third  stage  is  characterized  by  a  greater  size,  greater  pro- 
portional length  of  the  frontal  spine,  which  may  be  slightly 
longer  than  the  antennsB.  The  last  abdominal  segment  before 
the  telson  has  developed  two  long  spines,  and  the  spines  on  the 
second  segment  are  larger.  The  maxillipedes  bear  six  swimming 
hairs,  instead  of  four,  and  there  are  thick-set  hairs  on  the  edge  <^ 
the  carapace.  The  abdominal  legs  can  now  be  distinguished  aa 
masses  of  cells  lying  under  the  skin.  They  cause  no  elevationa  of 
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the  fikiD  as  yet  The  eye  ie  lai^gerand  more  moTable.  The 
thoracic  feet  are  imehaBged. 

Laler  Zoea  9tag69. 

NnmerouB  changes  of  minor  importance  occur  in  \h  c  moultings 
between  the  third  stage  and  the  laat.  The  abdominal  legs  appear, 
first  as  simple  elevations,  then  becoming  divided  by  a  joint  and 
gaining  a  mdimentary  endopodite.  The  sense-hairs  of  the 
antennnle  increase  in  number  to  six  or  seveni  and  the  swimming 
haiis  of  the  maxiUipedes  to  eight  and  nine  reipecttyely.  The 
rndiment  of  the  pennanent  antenna  appears  as  a  small  lobe  on 
the  inner  side  of  the  larval  antenna.  The  number  of  abdominal 
spines  increases  to  three  purs. 

LaH  ZoUa  stage, — ^Plate  XXXI,  Figs.  4  and  5. 
The  chief  eharacteristics  of  this  stage,  apart  from  greater  Bize» 
are  the  division  of  the  telson,  the  appearance  of  the  mandi- 
bular palpus,  and  the  segmentation  of  the  antennnle. 

The  abdominal  feet  have  grown  and  the  endopodite  is  plainly 
marked  (Plate  XXXIII,  Fig.  8').  The  bwimming  hairs  liave 
increased  to  twelve  or  fourteen  on  each  maxillipede.  The  animal 
is,  however,  very  sluggish,  lying  for  hourb  quiet  at  the  bottom  of 
the  jar.  Thi'*  habit  makes  the  zoeaB  of  this  stage  rather  rare  in 
the  open  water,  so  that  it  is  easier  to  raise  them  than  to  find 
them.  They  moult  less  frequently  and  accumulate  all  sorts  of 
d^ris  and  parasites  npon  their  shells,  making  their  study  more 
difficult 

From  the  antenna  has  grown  the  projection  in  which  the  per- 
manent antenna  is  developed.  The  ontgrowth  holds  the  same 
relation  to  the  permanent  antenna  that  the  larval  skin  holds,  i. 
it  is  a  mere  dieath — nnsegmented.  Inside  of  this  sheath  the 
segmen^tion  of  the  tme  antenna  goes  on.  The  antennnle,  on  the 
contrary,  becomes  segmented  into  three  or  fonr  joints,  and  de- 
velops a  small  outgrowth  on  the  basal  joint 

A  new  abdominal  segment  is  formed  by  the  separation  of  the 
Miterior  part  of  the  telson,  whose  forks  are  now  at  their  maxi* 
mnm  size.  A  small  nnjointed  palpus  appears  on  the  mandible, 
the  thoracic  legs  are  developing  inside  their  skins,  and  the  gills 

'  Txam  an  eailiar  stags,  but  eatenlially  llkstlil& 
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and  epfpodites  are  present.   It  ib  worthy  of  note  that  all  the 

appendages  of  the  crab  appear  as  unjointed  projections  of  the 
skin,  inside  of  which  the  segmented  appendage  develops.  In  the 
case  of  the  thoracic  lege  this  is  especially  marked.  Several  succes- 
sive sacs  are  formed  for  the  developing  leg,  all  UDjointed  even 
where  joints  are  distinguishable  inside  the  sac.  JointBy  however,  - 
appear  before  tl\e  zoea  stage  is  left- 
Further  peculiarities  of  the  appendages  will  be  oonsidered 
under  the  appropriate  head. 

First  Megalopa  stage. — Plate  XXXI,  Figs.  7  and  8. 

With  the  moult  from  the  last  zoea  stage  to  the  first  megalops  an 
enormons  diange  takes  place  both  in  the  form  of  the  body  and 
of  appendages.  All  of  the  long  spines  are  entirely  lost  and 
leave  no  trace  behind.  Panopeans  thns  differs  from  Cancer  as 
figmed  by  Smith  (U.  S.  Fisk  Com.  Bep.^  '71-3,  Plate  YIIIX 
where  the  frontal  and  dorsal  spines  persist  in  the  megalops.  The 
form  <^  the  carapace  is  changed  firom  one  horizontally  compreeeed 
to  one  Tertically  flattened.  The  abdomen-  snffeis  the  same 
change  in  proportion,  and  the  telson  loses  its  fork  and  becomes  a 
simple  plate.  No  less  marked  is  the  change  in  the  appendages. 
These  will  be  spoken  of  in  detail  later.  All  are  profoundly ^lodi- 
fied.  The  maxillipedes  and  thoracic  legs  undergo  the  greatest 
change,  the  former  losing  greatly  in  size  and  the  latter  gaining. 
The  abdominal  legs  get  their  hairs.  The  al»doinen  is  nsnally 
carried  stretched  etrai^rlit  out  or  slightly  bent  down,  and  is  used 
in  locomotion.  The  ear-sac  can  be  seen  in  the  base  of  the  aiitcn- 
nule«  and  the  permanent  antenna  replaces  that  of  the  zoea.  Both 
are  partly  concealed  by  a  broad  flat  plate,  projecting  forward  on 
the  carapace.  In  the  middle  of  this  a  small  notched  projection 
is  the  only  suggestion  of  the  frontal  spine.  The  animal  is  covered 
by  scattered  coarse  hairs. 

Subsequent  changes  in  the  megalops  affect  the  proportions  of 
the  carapace,  which  becomes  broader  proportionally,  and  that  of 
the  abdomen  which  becomes  smaller,  and  is  permanentiy  flexed 
nnder  the  sternum.  The  appendages  nndeigo  many  changeB^ 
gradually  approximating  them  to  the  adult  form. 

The  last  megalops  stage  k  reached  after  several — ^at  least 
four — moultings. 


k. 
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I^eavinn;  this  stage  the  megalops  assumes  the  form  shown  iu 
Plate  XXXI,  Figs.  9, 10,  the^r^i!  crab  stage.  Here  the  (Mra|»ace 
has  lost  most  of  the  broad  notched  projecting  plato  in  fruut,  and 
its  edge  has  assumed  a  curve  not  greatly  dift'erc  at  from  the  adult 
fonn.  Each  side  of  the  carapace  bears  three  teeth  which  persist 
in  the  adult.  The  abdomen  is  also  nearer  the  adult  form, 
while  the  appendages  have  not  greatly  altered  from  the  last 
megalops  6t{ige.    No  specimen  was  leared  beyond  this  stage. 

The  youngest  crab  fouud  is  figured  in  Flate  XXXI,  Fig.  6. 
It  has  already  the  adult  proportions.  The  crenul  ition  uf  the 
anterior  border  of  the  carapace  is  more  distinct  tiian  hiter.  The 
outline  of  the  carapace  of  a  large  male  \&  figured  in  Plate 
XXX.1,  i^  ig.  11. 

Jgy^.— Fint  zoSa  Btage^  FUte  XXZ»  lig.  9;  XXXI,  Fig.  1. 
Second  zo§a  stage,  Plate  XXXTT,  Eig.  1*  Fint  megalops  stage, 
Plate  XXXII,  Fig.  2.  Adult,  Plate  XXXII,  Fig.  3. 

The  eje  undeigoeB  few  changes  during  the  zoSa  stage.  It 
beeomes  larger  and  nunre  movable  as  developmeDt  progreeeeB, 
bnt  in  form  and  proportion  alters  little.  It  is,  however,  longer 
in  the  older  zoeae.  The  eye  has  the  same  general  form  in 
the  megalops  stage  and  through  the  first  erab  stage.  When  it 
beeomes  divided  into  two  joints,  and  when  the  sinus  in  the 
oomea  is  developed,  I  cannot  say.  The  adt&lt  form  is  present  in 
the  erab  of  Plate  XXXI,  Fig.  6. 

Antennule^^^ff^  zoSa,  Plate  XXXH,  Fig.  4.  Second  zoSa, 
Plate  XXXn,  Fig.  5.  Third  zo§a,  Plate  XXXII,  Fig.  6. 
Later  zoea,  Plate  XXXII,  Fig.  7.  Last  zoSa,  Plate  XXXII, 
Fig.  8.  First  megalops,  Plate  XXXII,  Fig.  9.  Adult,  Plate 
XXXn,  Fig.  10. 

The  antennnle  in  the  first  zoSa  stage  is  enveloped  in  the  larval 
skin,  which  extends  ont  in  a  very  long  plnmose  expansion,  and 
beats  on  one  side  a  short  and  sloider  branch.  This  carries  a  toft 
of  hairs  at  its  end.  Into  tiiis  branch  the  sense-haars  of  the  per- 
manent zoSa  antennnle  extend.  The  long  projection  of  the 
larval  skin  is  plainly  homologons  to  the  seta  of  the  antennnle  of 
the  larval  (kLlUanaw^  as  figured  by  QUos,*  aldiongh  that  zoea  is 
in  a  later  stage  of  development. 

'  Untorsucbuugen  znr  Genealogiscben  Groodlage  des  Crastaceen  System,  T. 
TlU,  Fig.  3. 
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In  the  second  coSa  the  aniiennnle  has  the  oidinaiy  elongated 
conical  form,  and  bean  one  flhort  and  two  long  aenseJuum  In 
later  stages  the  nnmber  of  haira  increaaes  to  three  and  finally  to 
six  or  seven.  A  lobe  also  appeara  on  the  inside  of  the  antennnle. 

In  the  last  aoea  stage  the  antennule  haa  divided  into  three 
( \  fonr)  joints,  and  the  lobe  ia  attached  to  the  second  from  the 
base.  One  hair  among  the  aense-hairs  seema  much  stouter  than 
the  rest,  but  its  subseqaent  fate  was  not  traced.  The  number  of 
senso-haira  is  greatly  increased. 

In  the  first  megalops  stage  the  lobe  has  formed  a  distmet  joint, 
bearing  two  haira  on  its  end.  The  terminal  joint  showa  tracea  of 
aegmentation  which  afterwards  disappear.  The  baaal  joint  is 
enlaiged  for  the  ear. 

In  the  adult  the  joint  formed  from  the  lobe  ia  divided  into  aix 
parts,  and  the  expansion  of  the  former  terminal  joint  is  smaller, 
although  its  hairs  have  greatly  increased.  The  basal  joint  is 
also  larger. 

Awtmna.'—lit^  aoSa,  Plate  XXXTT,  Fig.  11 ;  Plate  ZZXI, 
Pig.  1.  Second  soSa,  Plate  XXTII,  Fig.  12.  Later  soSa, 
Plate  XXXTT,  Fig.  14.  Last  soSa,  Plate  XXXIT,  Fig.  15. 
First  megalops,  Plate  XZXH,  Fig.  16.  Adult,  Plate  XXXTT, 
Fig.  17. 

The  larval  skin  enveloping  tiie  antenna  is  much  shorter  than 
the  permanent  organ  of  the  aoSa,  and  bears  on  one  side  a  very 
laige  four-lobed  appendage.  Into  the  baae  of  this  projects  the 
minute  ^  squamiform  appendage "  of  the  jEo6a  antenna.  The 
lobes  of  tiie  cuticnlar  expansion  are  covered  with  short  fine 
haiiB.  The  spine  which  forms  the  main  part  of  the  future  antenna 
is  greatly  wrinkled  and  invaginated,  so  as  to  be  only  about  one- 
third  as  long  aa  in  the  next  stage. 

The  second  ssoSa  stage  shows  the  proper  ao§a  antenna — an 
enormonsly  long  spine,  smooth  and  gently  curving,  extending  to 
the  tip  of  the  frontal  spine.  This  is  the  spme  of  the  ordinary 
£o6a  antenna— the  ^^stachelfortaats'*  of  Olaus,  *^exopodite"  of 
Balfour.  It  ia  probably  the  epipodite,  while  the'*  squamiform 
appendage  " — ^  ramus  exterior  "  of  Olaus — ^is  the  exopodite,  and 
the  permanent  adnlt  antenna  is  clearly  the  endopodite. 

The  squamiform  appendage — apparently  overlookedby  Faxon— 
is  a  minute  joint,  situated  near  tiie  base  on  the  inner  side  of  the 
antenna,  and  bearing  a  single  terminal  hair. 
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There  is  no  trace  of  the  adult  antenna.  This  structure  appears 
in  the  older  zoeas  after  numerous  moults,  as  a  small  lobe  on  the 

inner  side  of  the  spine.  This  extends  and  increases  in  size  during 
the  later  changes  of  skin,  and  finally  the  joints  of  the  megalops 
antenna  can  be  plainly  seen  within  it. 

In  the  moult  to  the  megalops  stage  the  spine  and  ramus  exterior 

are  lost,  and  the  ])erinancnt  uTitemia,  consisting  of  about  eleven 
joints,  takes  its  place.  The  third  or  fuurth  joint  from  the  end, 
as  in  Carcinus  maenas^i^,  enlarged  and  bears  large  sense-hairs. 

In  the  adult  the  antGiina  has  18  to  20  joints,  and  the  sense- 
hairs  are  about  equal  in  size.  When  the  opening  of  the  green 
gland  is  formed  u  aa  not  determined. 

Mtindihle. — Second  zoea,  Plate  XXXI I,  Fig.  18.  Second 
zoea,  i'latc  XXXII,  Fig.  19.  Last  zuca,  l^hite  XXXII,  Fig.  20. 
First  zoiia,  Plate  XXXII,  Fig.  21.  Young  crab,  Plate  XXXII, 
Fig.  22.    Adult,  Plate  XXXII,  Fig.  23. 

The  larval  skin  of  the  mandible  presents  no  features  of  especial 
interest. 

In  the  second  zoea  stage  the  mandible  bears  at  each  end  two 
projections.  Of  these  the  anterior  one  at  the  proximal  end  serves 
as  the  articular  point,  while  to  the  other  is  attached  the  main 
muscle.  Of  the  two  dibtal  projections,  the  outer — lower — is  thinner 
than  the  other,  which  is  toothed,  and  serves  as  the  main  instru- 
ment in  chewing.  The  axis  of  the  jaw  passes  through  this  sur- 
face and  the  articular  projection  ;  and  the  appendage  is  rotated 
on  this  axis  by  the  muscles.  As  the  zoea  becomes  older  the 
attachment  of  tbe  muscle  (in  Fig.  18)  extends  further  toward  the 
distal  end  of  the  appendage. 

No  marked  change  in  the  form  of  the  mandible  occurs  before 
the  last  zoea  stage,  when  the  palpus  shows  itself  as  a  small  eva- 
gination  on  the  anterior  edge.  This  feature  is  diagnostic  of  the 
last  zoea.  The  notch  in  the  posterior  side,  in  which  the  labium 
lies,  becomes  deeper. 

In  the  first  megalops  stage  the  y^ilpus  is  three-jointed,  and  the 
appendage  differs  only  slightly  Irom  the  adult  fonn.  The  two 
proximal  projections  are  larger  proportionally,  the  cutting  sur- 
face is  less  sharp  and  its  tooth  ib  ni  t  so  clearly  marked,  the 
whole  structure  is  broader  proportionally.  As  the  carapace 
grows  in  breadth  the  mandible  lengthens  and  acquires  the  adult 
form. 
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The  cutting  snrfaoe  of  the  adult  mandible  is  the  lower  pro- 
Jeotioii  of  the  zoCa  mandible,  and  the  flat  snifaoe  baek  of  the 
edge  conreeponds  to  the  grinding  eoiftce  of  tiie  loSa. 

The  nppcr  lip  ia  enormonBly  laige  in  the  flnt  zo6a  stage,  and 
becomes  amaller,  covered  with  haars  and  encloaed  within  the 
mandibles.  The  shape  is  little  altered  during  derelopment. 

Fi/nt  MiudUa.^¥hBt  cofia,  Plate  XXXII,  Fig.  24.  Third 
aofia,  Plate  XXXII,  Fig.  25.  Pbst  megalope,  Plate  XXXII, 
Fig.  26.  Yonng  crab,  Plate  XXXU,  Fig.  27.  Adnlt,  Plate 
XXXII,  Fig.  28. 

The  larval  sldn  of  the  first  maidlla  shows  three  elevations 
corresponding  to  the  parts  of  the  appendage.  It  bears  no  hairs 
or  setn. 

With  the  second  zoSa  stage  the  vegnlar  806a  maxilla  appears. 
It  consists  of  three  parts,  of  whidb  the  outer  one  is  twojointed. 
This  bears  on  its  basal  joint  one  spiDe,  and  five  or  six  on  the 
terminal  one.  These  spines  appear  to  be  smooth.  Those  on  the 
other  lobes  are  bearded  with  short  stiff  hairs.  There  are  about' 
six  of  these  stout  Bpinos  on  the  middle  lobe,  and  four  on  the 
inner. 

Witii  the  change  to  the  megalops  the  outer  branch  is  bent 
proximad  and  outward  and  loses  most  of  its  hairs.  The  middle 
and  inner  lobes  are  greatlj  elongated,  and  the  number  of  their 
spines  is  much  increased.  Thoee  of  the  middle  lobe  are  the 
larger.  During  the  transition  from  the  megalops  to  the  adult  the 
inner  lobe  becomes  carved  toward  the  middle  one,  and  the  joint 
ki  the  outer  lobe  becomes  more  distinct  than  in  the  oarlj  roega> 
lops  stages. 

The  sudden  outward  bend  of  the  outer  bruich  of  this  appen- 
dage at  the  change  to  tlie  megalops,  recalls  the  inward  bend  of 
the  exopodite  of  the  maxillipedes,  and  suggests  a  possible 
homology  for  the  part.  Tlie  fact  that  the  appendage  is  bilobed 
at  a  very  early  stage  also  looks  in  the  same  direction. 

Secmid  Maxilla. — First  zooa,  Plate  XXXII,  Fig.  29.  Second 
zoea,  Plate  XXXII,  Fig.  30.  Last  zoea,  Plate  XXXII,  Fig.  31. 
First  megalops,  Plate  XXXII,  Fig.  33.  Young  crab,  Plate 
XXXII,  Fig.  33.    Adult,  Plate  XXXII,  Fig  34. 

The  alterations  of  the  second  maxilla  during  the  zoea  state 
are  much  more  considerable  tliuii  are  those  of  the  &rt»t  maziUa. 
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In  the  lurval  skin  at  hatching  tliere  are  fonr  lobes  over  this 
appendage,  of  which  the  three  median  correspoxid  to  the  lobe6  <3i 
the  first  maxilla. 

In  the  second  zoea  stage  the  appendage  has  foiir  main  divisions. 
Each  of  thethree  median  parts  is  bilobed  at  the  end,  and  bears  from 
six  to  eight  spines,  of  which  but  few  are  obviously  plumose.  There 
is  a  trace  of  a  joint  at  the  base  of  the  onter  of  these  three  lobes. 
The  outer  part — the  scaphognathite — is  the  most  interesting. 
This  plate  is  much  extended  in  two  directions  from  the  point  of 
attachment.  The  shorter  extension  extends  distally  and  outward, 
and  boars  four  or  five  long  slender  projections,  hardly  to  be  called 
hairs.  The  other  and  longer  projection  passes  downward,  curv- 
ing toward  the  median  line,  bearing  very  fine  hairs  on  its  edges. 
It  is  impossible  to  avoid  noting  the  resemblance  of  this  plate  to 
the  epipodites  of  the  adult  maxillipedes,  especially  the  first.  It 
forms  the  entire  acaphogDathite,  and  neither  at  this  nor  any  other 
time  shows  a  trace  of  segmentation.  Its  Babfleqnent  changes  are 
merely  to  fit  it  in  shape  to  the  broadening  cavity  in  which  it  is 
to  work,  and  to  increase  its  efficiency  by  means  of  hairs  on  its 
edge.  It  is  difficult  to  believe  that  this  plate  is  composed  of 
epipodite  and  exopodite  nnitedi  as  asserted  by  some  authors. 

The  zo6a  life  canseB  changes  mainly  in  the  scaphognathite, 
which  becomes  more  oval  in  shape  by  shortming  its  projections, 
loses  its  fine  hairs,  and  gains  nev^long  8et98>  which  become  more 
hair  like  and  more  thickly  set. 

In  the  first  megalops  stage  the  outer  of  the  three  median  lobes — 
fheprobableexopodite — is  a  good  dealch  angcd.  It  loses  its  terminal 
hairs  and  becomes  fringed  with  fine  hairs  on  its  edges.  It  no 
longer  shows  the  terminal  lobes,  which  at  one  time  even  hinted 
at  two  joints,  but  is  a  single  slender  plate.  The  other  parts 
are  little  changed.  The  scaphognathite  is  becoming  rhomboidal 
and  its  hairs  are  more  numerous. 

In  the  first  crab  stage  these  hain  have  greatly  increased  in 
number  and  are  plumose,  forming  a  real  extension  of  the  plate 
so  far  aa  work  is  concerned.  The  exopodite  is  also  wider  at  the 
base. 

These  features  are  accentuated  in  the  adult.  The  exopodite 
is  much  broader  at  the  base,  the  two  median  lobes  are  deeply 
deft,  the  scaphognathite  ia  nearly  rhomboidal  and  densely 
fringed  with  plumose  hairs. 
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Firbi  Maxilli-peds. — First  zoea,  Plate  XXXIII,  Fig.  1 .  Second 
zoea,  Plate  XXXIII,  Fig.  2.  Last  zoea,  Plate  XXXI,  Figs. 
1  to  3.  First  meiT'ilops,  Plate  XXXIII,  Fig.  3.  Young  crab, 
Plate  XXXIII,  Fig.  4.    Adult,  Plate  XXXin,  Fig.  5. 

In  the  first  zoea  this  appendage  is  closely  invested  by  the 
larval  skin,  and  the  hairs  are  all  more  or  less  invaginated  in  the 
joints  to  which  they  belong.  The  hairs  are  extended  during  the 
molt  to  the  second  zoea  form ;  and  the  ezopodite  k  then  fur- 
nished with  fonr  long,  tri-articulate^  densely  plumose  swimming 
hairs.  The  endopodite  has  tlie  normal  five  joints,  each  having 
one  hair,  except  the  last,  which  has  several.  The  long  and  stent 
protopodite  is  covered  for  its  basal  half  bj  the  carapace.  During 
the  aoea  life,  few  changes  take  place  in  this  fiinctionallj  impor* 
tant  appendage,  or  its  fellowi  the  second  nuudlUpede.  The 
swimming  hairs  increase  in  number  to  six,  then  eight,  and  finally 
twelve.  The  ezopodite  in  the  older  zoeas  shows  marks  of  a  divi> 
sion  into  two  joints. 

With  the  change  to  the  megalops,  the  appendage  greatly  alters 
in  form.  The  epipodite,  not  seen  before,  makes  its  appearance. 
The  exopodite  bend^  abruptly  at  its  middle  joint,  and  the  long 
swimming  hairs  are  much  reduced  in  size.  The  exact  fate  of 
endopodite  and  protopodite  is  not  clear.  They  are  much  reduced 
and  consolidated,  and  opportunity  was  lacking  to  trace  the  his- 
tory of  each  part.  Probably  the  part  a,  Plate  XXXIII,  Fig.  3,  is 
formed  from  the  two  terminal  joints  of  the  endopodite,  and  two 
or  three  of  the  median  lobes  from  tlio  rest  of  the  endopodite, 
while  the  protopodite  is  greatly  reduced  in  size  and  importance. 

The  only  noteworthy  changes  in  this  appendage  from  the  first 
megalops  to  the  adnlt  form  are  in  the  terminal  joint  of  the  ezopo- 
dite, which  segments  into  numerous  joints  and  gains  a  correspond- 
ingly great  number  of  hairs;  and  in  the  epipodite,  which  develops 
an  anterior^lower — ^lobe  homologous  to  that  of  the  scaphogn^ 
ihite. 

Second  I£aa>iUi^de.—BecaDd  «)§a»  Plate  XXXHI,  Fig.  6. 
Last  zoea,  Plate  XXXI,  Fig.  6.  First  megalops,  Plate  XXXIII, 
Fig.  7.  Toung  crab,  Plate  XXXIII,  Hg.  a  Adult,  Plate 
XXXm,  Pig.  9. 

The  history  of  this  appendage  in  the  zoea  closely  resembles 
that  of  the  preceding.    Ihe  luain  diii'erence  is  in  the  endopodite, 
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which  is  smaller  than  that  of  the  first  maxillipede,  consisting  of 
three  joints,  of  which  the  terminal  oneahowa  in  the  last  Btages  a 
trace  of  division  into  two  parts. 

Tn  passinf]^  to  the  first  megalops  stage  the  changes  of  the  cxo- 
podite  are  much  tlie  same  as  those  of  the  corresponding  part  in 
the  next  anterior  appendage.  The  endopodite  nov/  has  five 
joints,  the  protopodite  liaa  greatljr  diminished  in  size,  and  the 
epipodite  appears. 

Third  Maxillipede. — Third  zoea,  Plate  XXXIII,  Fig.  14. 
Late  zoea,  Plate  XXXIII,  Fig.  15.  Last  zoca,  Plate  XXXIIT, 
Fic^.  16.  First  megalops,  Plate  XXXIII,  Fig.  10.  Young  crab, 
Plate  XXXIII,  Fig.  11.  Adult,  Plate  XXXUI,  Fig.  18. 
Comb  hair,  Plate  XXXIII,  Fig.  12. 

The  third  maxillipede  appears  before  hatching  as  a  simple  pro- 
jection, which  condition  it  retains  until  the  later  zoea  stages,  when 
the  exopodite^  epipodite  and  gill  appear  as  nnsegmented  pro- 
jections. 

In  the  first  megalops  the  appendage  has  a  five-jointed  endopo- 
dite, directed  forwards,  and  the  ezopodite  resembles  that  of  the 
corresponding  stage  in  the  other  maxillipedes.  The  protopodite 
is  not  anchylosed  to  the  endopodite.  The  subsequent  changes  in 
the  endopodite  consist  in  the  enlargement  of  the  two  proximal 
joints,  while  the  terminal  then  become  relatively  smaller  and 
bend  inward.  Finally  they  become  a  sort  of  palpna  for  the 
broad  plate  formed  by  the  basal  joints. 

In  the  later  megalops  stages  comb-hairs  appear  on  the  terminal 
joints  and  are  used  in  cleaning  the  other  month  appendages. 

Walking  Leg8,—T)iM  zoea,  Plate  XXXIII,  Fig.  14.  Late 
zoea,  Plate  XXXIII,  Fig.  15.  Laetzoea,  Plate  XXXIII,  Fig.  16. 
Megalops,  Plate  XXXI,  Fig.  8. 

These  limbs  during  the  life  of  the  zoea  closely  follow  the  for- 
tunes of  the  third  maxillipede.  Like  it  they  first  appear  as 
TOnnded  lobes  on  the  pides  of  the  body.  At  first  two  appear  in  the 
second  zoea  (see  Plate  XXXI,  Fig.  3),  and  no  more  are  present  in 
the  third  zoea.  In  the  later  stagee  all  are  present  The  posterior 
two  legB  grow  forward  beneath  those  already  present,  and  the 
joints  are  clearly  marked.   Gills  and  epipodites  are  present. 

The  legs  of  the  migalops  are  more  slender  and  joints  more 
cylindrical  than  axe  thoie  of  the  adult  They  ara  apanely  and 
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erenly  oorered  with  Doarse  hMs^  tad  tbm  ia  no  ob?ioiis  dlffoi^ 
enee  between  the  nglit  and  the  left  ohela. 

The  flcigment  of  the  tSSi  pair  off  legft  ia  anehyloeed  to  the  pre- 
ceding one  at  the  change  ton  the  megalopa  to  the  young  crab 
QfP]ateXXZI,FSg.8. 

AldomiMil  4i3'^i'M2^^^Fo«iithzo5a,Plate  XXZIII,  F^.  IT. 
Fifth  ao6a,  Plate  XXXIII,  ilg.  18.  Pint  m^alopa— Thiid 
appendage  Plate  XXXIII,  Fig.  19.  First  megalops^Laat 
appendage,  Plate  XXXIII,  Fig.^.  Adnlt  9,  Third  appendage, 
Plate  XXXin,  Fig.  21. 

The  abdominal  legs  appear  quite  early  in  the  larval  life.  In 
tiie  third  zoea  they  may  be  diatingoiahed  as  cell-masses  below  the 
skin,  and  in  the  fourth  (with  eight  awinmiing  hairs)  they  appear 
aa  devationB.  They  then  acquire  a  small  endopodite,  and  are 
twojointed.  Thia  condition  they  retain  till  the  last  zoea,  when 
the  hairs  are  visible,  invaginated  in  the  joint.  The  legs  appear 
first  on  the  fifth  abdominal  segment,  then  on  the  anterior  segments, 
last  on  the  sixth. 

In  the  megalopa  the  ezopodite  becomes  a  broad  flat  plate, 
whii^  bears  &om  e^hteen  hairs  in  the  second  to  six  in  the  last 
These  are  long,  tri-artioulate  and  plumose.  The  endopodite  is 
still  a  small  elevation,  and  is  unjointed. 

No  serieeof  forms  oonnectmg  this  stage  with  that  of  the  adult 
was  found.  In  the  adnlt  female  the  protopodite  is  much  reduced 
in  size,  the  ezopodite  much  elongated,  and  the  endopodite  has 
six  joints. 

CharacUrisUoe  of  stages, 
Fmi  Zona* — ^In  larval  skin. 

Seeond  Zoia. — ^Moulted  from  larval  skin,  four  swimming  hairs. 

Third  Zdkt, — 8ix  swimming  hairs.  First  appearance  of  ab- 
dominal legs  under  skin.  Long  spine  on  fifth  abdominal  segment. 

fourth  ZoicL — ^Eight  or  more  swimming  hairs.  External  ab- 
dominal 1^.  Spines  on  anterior  abdominal  segments. 

ZaH  Zcia, — ^Twelve  or  more  ewimming  hairs.  Divided  telson* 
Mandibular  palpus. 

First  Megalo^,^lmm.edi9X»lj  after  moult  from  last  aoea. 

First  Crcib^ — ^Three  spines  on  each  side  of  carapace.  Anohy- 
losed  segment  for  fifth  walking  leg. 
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Plate  XXXI,  Fig.  12,  shows  the  second  so^  of  PtmopoM 
depressus  (Smith),  and  Plate  XXXII,  Fig.  13,  its  antenna. 

The  zoeu  is  readily  distinguishable  from  that  of  tho  allied  species 
by  the  following  characteristics : 

The  spines  of  tlie  carapace  are  much  d^rtor  proportionally,  espe- 
cially the  frontal  spine ;  the  antenn*  are  shorter,  more  strongly 
curved,  and  armed  at  the  tip  with  short  spines;  and  the  telson  is 
much  shorter. 

Otherwise  the  zoeas  closely  resemble  each  other,  and  their  develop- 
ment is  nearly  paralleL 

The  first  megalopa  of  P.  dqpreams  was  not  fonnd.  Kor  indeed 
was  there  any  megalops  which  conld  be  certainly  referred  taP^de- 
prmua.  The  megalops  of  P.  sayi  was  raised  fipom  the  so^ 
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Plate  XXX,  Figs.  1-2,  Nauplius  stage.   3,  Stage  2»   4-5,  Sta^ 
3.   6,  Stage  2,  from  side.   7-8,  Jnst  before  hatching. 
The  yolk  is  shown  only  in  Fi;^.  5,  7  and  8. 

T=tcl8on,  Z=labruiu,  a' nzantennule,  a"=:anteima,  7/?^/  =  man- 
dible, my  =  first  maxilla,  mo:;"  =  second  mazillay  f7ip'  =  first  max- 
illipede,  ^>^^"=0eoond  inazilliped«^  tseye. 

Fig.  9.  First  soSa  stage  from  above. 

Plate  XXXI,  Fig.  1,  First  zoea  stage.  2,  Second  zoea  stage. 
3,  Third  zoi  a  stage.  4,  Last  zoea  stage.  5,  Monlt  to  megalops  st^ge.  6, 
Young  crab  (carapace).  7,  I'lr^t  megalops  stage.  8,  Firet  megalops 
stage.  9,  First  crab  stage  (carapace).  10,  First  crab  stage  (carapace). 

11,  Adult  crab  (carapace).   12,  Second  so^  P,  iUpm$U9, 

Plate  XXXII,  Fig.  1,  Eye,  second  zoi-a;  2,  Eye,  last  zoea;  3,  Eye, 
adult  4,  Antennule,  first  zoca;  5,  Antemiule,  second  zoi»a ;  G,  An- 
tennule,  third  zoea ;  7,  Antennule,  late  zoea ;  8,  Antennule,  last  zoea; 
9,  Antennule,  first  megalops;  10,  Antennule,  aduk.  11,  Antenna, 
first  zoea;  12,  Antenna,  second  zoca;  13,  Antenna,  second  zoea,  P. 
d^tngsvs;  14,  Antenna  late  ao8a;  15,  Anteim%la8t«>ea;  16,  Antenna 
first  megalops;  17,  Antenna,  adult  18,  Mandible^  seoond  sote; 
19,  Mandible,  third  so«a;  80,  Mandible,  last  so«a;  SI,  Mandible,  first 
n^^ops;  32,  Mandible,  late  megalops;  88^  Mandible,  adnlt  24, 
First  Maxilla,  first  aoia;  25,  First  Maxilla»  seoond  zo«a;  26,  First 
Maxilla,  first  megalops ;  27,  First  Maxilla,  first  orab ;  28,  First  Max- 
illa, adult.  29,  Second  Maxilla,  first  soea ;  30,  Second  ^Nfaxilla,  second 
soea;  31,  Second  Maxilla,  last  aoSa;  32,  Second  Maxilla,  first  mega- 
lops ;  83,  Second  Maxilla^  young  orab ;  84^  Seoond  Maxilla^  adult. 

Flats  XXXIII,  Fig.  1,  First  Mazillipede^  first  soea;  2»  First  Max- 
illipede,  second  ao^;  3,  First  Maxillipede,  first  megalops;  4,  First 
Maxillipede,  first  crab;  (>,  First  Maxilli|)ede,  adult  6,  Second  Max- 
illipede, second  zoea;  7,  Second  Maxini})cde,  first  megalops;  8, 
Second  Maxillipede,  first  crab;  9,  Second  Maxillipede,  adult.  10, 
Third  Maxillipede,  first  megalops;  11,  Third  Maxillipede,  first  crab; 

12,  Third  Maxillipede,  comb-hair;  13,  Third  Maxillipede,  adult, 
14,  Thoracic  Legs,  third  zoea ;  15,  Thoracic  Legs,  late  zoca;  16,  Thora- 
cic T>eg8,  last  zoi  a.  17,  Abdominal  Leg,  fourth  zo6a;  18,  Abdominal 
Le?,  zooa,  19,  Third  Abdominal  Leg,  first  megalops.  20,  Last 
Abdominal  Leg,  first  m^alops.   21,  Third  Abdominal  Leg,  adult  9. 


STHUCTURE  AND  GROWTH  OF  THE  SHELL  OP 
THE  OYSTEH.  By  HENEY  L.  OSBORN,  Late  Fellow 
in  Biology  of  the  Johns  Hopkins  TJniTenity.  Witli  Plate 
XXXIV. 

All  modem  aeoonnts  of  the  formation  of  the  Lamellihranoh 
shell  accoxd  well  with  the  statement  of  Hnzley  that  ''the  shell 
itself  eonsists  of  snpeiimpoeed  lamells  of  organic  matter  hard- 
ened bj  a  deposit  of  ealcareons  salt&  It  is  a  cnticnlar  excretion 
from  tiie  snrface  of  the  mantle  and  never  presents  any  cellular 
Btracture.*" 

Dr.  Wm.  B.  Carpenter  in  1844  published  in  the  »  British  Asso- 
ciation Beports  a  full  account  of  the  structure  of  adult  shells  in 
manj  moUusea.  He  did  not  study  the  development  of  the  shell, 
but  gave  it  as  his  opinion,  baaed  upon  inference  from  adult  struc^ 
tnre,  that  the  lime  prisms  are  internal  casta  of  prismatic  cells, 
these  cells  being  layen  of  cuticle,  stripped  from  time  to  time 
from  the  surfiu»  of  the  mantle.  This  view  of  Dr.  Carpenter's  is 
taught  by  8iebold  in  his  Anatomy  of  Invertebrata,'  and  Bronn 
leaves  the  mattw  an  open  question,  but  so  far  as  I  can  learn  the 
current  view  is  the  one  quoted  above  from  Huxley. 

Since  the  histoiy  of  the  shell's  growtii  in  Lamellibrandu 
does  not  seem  to  have  been  directly  studied  by  any  one,  Dr. 
Brooks  suggested  last  summer  at  the  Beaufort  laboratory  that  I 
should  work  upon  it ;  proposing  a  modification  of  the  method 
long  ago  in  vogue  among  the  Chinese  for  growing  images  of  their 
gods  inside  the  shell  of  the  pearl  oyster*  He  supposed  that  the 
study  would  oHly  confirm  general  opinion  upon  the  subject,  but 
that  observations  would  be  valuable. 

The  method  used  was  this;  the  edge  of  the  shell  was  snipped 
away  with  a  pair  of  bone  forceps  until  a  gap  was  produced  wide 
enough  to  permit  the  insertion  of  a  thin  circular  glass  cover  be- 

'  Anat.  Invert  p.  40C. 

*  P.  181,  edition  1854.  Bronn :  Classen  and  Oidnung,  ILL  I  Abiheil.  p.  d40.  . 
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tween  the  outside  of  the  mantle  and  the  inside  of  the  shelL  This 
cover  was  carefully  pushed  well  back  from  the  gap — it  could  be 
done  with  no  appreciable  injury  to  the  mantle  surface.  From  their 
abundance,  oyaterB  were  at  firat  need.  Several  of  them  were 
taken  from  the  flats,  where  they  grow  in  enormous  numbers,  and 
were  provided  with  glass  slips;  they  were  then  placed  inside  a 
strong,  line  wire-net  cage  and  replaced  upon  the  flats.  By  this 
means  the  natural  oonditions  were  Teiy  nearly  obtained,  and  the 
protection  of  the  oyster  from  the  army  of  predaoeons  Crustacea 
was  secured.  Under  these  conditions  the  oysters  apparently  went 
uii  tliriving,  and  I  could  from  time  to  time  open  individuals 
and  learn  what  had  taken  place.  Studies  upon  other  forms 
beside  the  oyster  were  attempted,  but  these  were  not  enccessful. 

Pinna  is  abundant  in  the  waters  where  the  oyster  grows,  and  I 
attempted  to  study  it  in  tlie  same  manner  as  the  oyster,  but 
without  success,  since  the  presence  of  the  cover  seemed  to  irritate 
the  animal.  It  is  quite  free  from  the  shell  except  at  the  attach- 
ment of  the  adductor  muscle,  and  always  succeeds  in  scrubbing 
away  the  glass  cover.  Other  forms  were  also  tried,  Siliqu<i  and 
VeniM,  but  the  attempts  were  not  sucoessful,  apparently  from  the 
impossibility  of  closely  imitating  their  oonditions  of  life. 

Examination  of  the  glass  slips  left  twenty  four  hours  inside 
the  oyster,  showed  s  thin  gummy  deposit.  It  formed  a  faintly 
yellowish  brown  fllm,  which  had  hardly  consistence  enough  to 
hold  together.  After  treatment  with  staining  reagents,  haema- 
toxylin,  piorocarmine  and  eoeine,  the  film  would  show  a  fiunt 
oolor,  but  this  was  diffused  evenly  in  every  part  and  absolutely 
no  structural  characteristics  could  be  observed.  In  some  in- 
stances lime  crystals  were  already  formed,  though  sparingly. 
From  the  character  of  this  young  film  it  is  perfectly  apparent 
that  it  is  a  viscid  excretion  poured  out  from  cells  upon  the  sur- 
face of  the  mantle.  If  one  make  vertical  sections  of  the  mantle 
properly  hardened,  it  will  be  seen  that  the  surface  is  formed  of 
columnar  cells.  These  stand  closely  ])acked  and  are  stained 
intensely.  They  are  glnnduhir  and  very  full  of  granules;  it  is  they 
that  pour  out  this  very  viscid  and  very  abundant  secretion,  bur- 
face  views,  also,  of  mantle  stained  with  silver  nitrate  show  a  close 
pavement  all  over  the  mantle  formed  by  the  outer  ends  of  these 
secreting  cells. 
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The  hardly  oonalstent  film  of  twenty-faar  hours  has  bj  forty* 
eight  honn  beoome  a  tough,  leatheiy  membrane.  Its  color  is 
browzL  It  already  forms  a  definite  envelope  about  the  animal^ 
and  has  shnt  in  the  glass  cover  between  itself  and  the  previously 
formed  shell.  It  resists  all  attempt  to  demonstrate  any  stmctnre 
in  itself  by  means  of  the  ordinary  histological  reagents,  and  is  a 
structureless  cuticular  or  horny  envelope,  the  organic  basis  of 
the  shell;  it  is  this  which  is  evident  as  the  epidermis  in  many 
shells,  and  which,  as  may  he  shown  hy  treatment  with  dilute  acid, 
forms  the  skeleton  of  all  shells.  In  later  irruwthi  uf  the  shell 
this  inemhrane  or  Him  waxes,  fresh  supplies  uf  the  gummy  excre- 
tion being  spread  over  its  inner  suriace  continually,  so  tliat  thia 
surface  is  never  so  hard  and  brittle  as  the  outside  may  become. 

In  solution  in  the  gummy  excretion  there  is  held  calcium  car* 
bonate,  and  this, as  the  film  hardens,  crystallizes,  and  gives  rise  to 
the  various  stony  stractores  to  which  many  shells  owe  mneh  of 
their  beauty.  These  eiystals  take  on  various  forms.  In  one 
preparation  (Fig.  2)  they  are  flat  scales  with  not  very  sharply  cut 
edges.  They  are  obsonrely  hexagonal,  have  an  average  diameter 
of  j^Vt  ^  ^  membrane  as  thickly  as  indicated  by 

the  figure.  If  a  film  of  forty-eight  hours  be  placed  in  dilute  acid 
(acetic  was  used  in  this  instance),  the  Ume  is  completely  dissolved 
away  and  the  spaces  occupied  by  the  crystals  are  plainly  seen. 
Such  a  film  is  represented  in  Fig.  3,  it  is  a  beautifully  teesellated 
pavement  after  treatment  with  the  acid,  and  shows  the  more  or 
less  hexagonal  spaces  occupied  by  the  crystals.  It  seems  scarcely 
doubtful  that  these  spaces  were  formed  by  lime  crystals.  Their 
resemblance  to  tlie  cells  in  deealciHed  Pinna  shell  is  so  extremely 
close  that  two  drawings  would  look  identically  the  same  except 
in  res}tect  to  the  size  of  the  iBpaces. 

PesideJ'  tlie  scaly  crystals  these  regularly  formed  films  of  forty- 
eight  hours  show  many  crystals  which  assume  forms  represented  in 
Figs.  4  and  6.  Some  are  acicular,  tapering  away  from  an  oval  centre, 
and  these  are  often  united  into  a  large  nodule,  many  having 
formed  about  some  common  nucleus.  In  the  figures,  which  are 
accurate  camera  lucida  drawings,  these  crystals  are  seen  to  have 
not  as  yet  formed  a  continuous  layer,  and  the  membrane,  being 
perfectly  structureless  and  almost  transparent,  cannot  be  shown. 
These  acicular  crystals  are  generally  about       of  an  inch  in 
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length.  They  are,  however,  much  leee  nnmerons  than  a  eooond 
form  (Fig.  5),  which  is  perhaps  built  upon  &6m.  These  are  ob- 
long crjBtalB  somewhat  swollen  at  either  end  and  slashed  Into 
many  fine  points,  suggesting  striated  epithelium  ceUs  in  the  ani- 
mal body.  These  are  often  compounded  into  twin  and  higher  sys- 
tems, and  are  frequently  seen  forming  large  spiny-looking  masses. 
They  occur  in  other  parts  of  the  same  film  in  which  the  acicnlsr 
crystals  may  be  found,  and  seem  to  be  the  most  common  condi- 
tion of  the  film  after  forty-eitrht  hours'  growth. 

Another  film,  six  days  old,  has  almost  completely  lost  iU 
leathery  character  and  become  stuiiy,  from  the  great  amount  of 
lime  prijsent  in  it.  The  most  of  this  layer  is  a  thick  pavement 
of  flat  cells  so  closely  packed  that  they  are  perfectly  contimioii? 
over  an  area  of  a  scpiare  inch  or  iTiore,  with  here  and  there  smaii 
breaks  where  the  shelly  formation  has  not  gone  on  up  reL'ularly. 
In  these  places  one  sees  such  crystals  as  are  showu  iu  Fig.  5,  but 
they  are  not  nnmerons*  also  crystals  of  the  sort  fignrcd  in  Fig.  6. 
These  seem  to  have  a  core,  which  is  striated  lengthwise,  or,  as 
they  finally  broaden  out  at  the  tip,  radially,  surrounded  by  an 
outer  shell  in  which  the  same  radially  striated  appearance  ie 
yery  strongly  marked.  These  are  not  common  and  I  hardly 
think  they  can  be  normal.  The  size  of  these  nodules  is  as  fol- 
lows, viz.  in  one  marked  a,  greatest  diameter  of  central  core 
^  inch,  diameter  of  the  peripheral  part  a  little  less  than 
inch.  These  nodules  are  thus  very  much  larger  than  the  average 
scales  of  the  48  hours*  fihn  whose  diameter  may  be  placed  at 
inch.  They  are,  however,  only  about  twice  the  size  of  the 
averas^e  scales  wliich  make  np  the  balk  of  the  film  at  this  time. 
Dr.  Brooks  in  tonus  me  that  he  has  found  nodules  almost  exactly 
like  these  in  the  shells  of  Mya.  It  may  be  noticed  that  the 
peripheral  columnar  layer  bears  a  very  close  resemblance  to  the 
prismatic  layer  as  figured  by  Fagcnstecher*  in  his  study  of  the  fo^ 
mation  of  pearls. 

i  have  no  studies  of  the  oyster  shell  later  than  films  of  one  week 
old  until  we  reach  films  of  three  or  four  weeks.  By  this  time 
the  glass  cover  is  completely  shut  into  the  stony  shell,  and  can 
no  longer  be  seen,  and  its  place  is  only  to  be  traced  by  its  fomif 

iZeitBchr.  f.  wiss.  ZoOL  12,  p.  406»  plate  ZX»  IdSS. 
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preserved  perfectly  upon  the  inner  piirfaee  of  the  slicll.  By 
brrnkin^  out  this  cover  very  carefully  it  is  seen  to  be  coated 
witii  a  thick  plate  of  wliite  shell,  which  is  heantifnlly  smooth 
upon  the  side  nearest  the  cover  slip.  Examination  shows  this 
])late  to  be  made  np  of  many  lime  scales  not  arrani^^ed  in  any 
dclinite  system,  hut  with  the  many  layers  laid  on  quite  at 
random.  It  is  of  such  crystals  as  these  that  the  bulk  of  the 
oyster  shell  is  formed.  The  inner  layer  of  the  shell,  or  as  it  is 
called  in  J'ronirs  account,  the  mother  of  pearl  layer,  forms  most 
of  the  stony  shell,  the  prismatic  layer  is  almost  entirely  absent. 
It  is  to  be  regretted,  so  far  as  concerns  the  present  purpose,  that 
this  is  the  case,  for  the  oyster  is  such  a  quiet  animal  that  the 
prismatic  layer  could  be  readily  studied  in  it  were  this  layer 
developed  in  any  such  beautiful  manner  as  it  is  in  Pinna,  while 
Phitui,  so  far  as  I  was  able  to  experimeiit,  did  not  make  a 
favorable  subject. 

Upon  edges  of  the  oyster  shell  elongated  cells  may  be  seen 
placed  very  obliquely ;  these  may  represent  tlie  prisms  of  the 
shells  where  a  prismatic  layer  is  strongly  developed.  These 
cells,  however,  shade  off  directly  into  cells  which  form  a  close 
pavement  like  those  of  Fig.  3,  and  seem  to  be  undoubtedly 
formed  in  a  manner  similar  to  the  ordinaiy  polygonal  cells  of  my 
forty-eight  hours*  films. 

There  can  be  no  doubt,  I  think,  on  these  observations  that  the 
shell  is  formed  by  the  crystallization  of  the  lime  in  the  chitinons 
sheet  as  has  been  generally  supposed,  and  that  the  older  view, 
that  the  forms  assumed  by  the  lime  show  that  it  has  been  laid 
down  as  internal  casts,  is  not  at  all  sustained  by  the  facts  in  the 
history  of  the  shell's  growth. 

It  is  worth  while  to  mention  here  a  few  observations  upon 
young  growing  oysters  as  illustrating  the  wonderful  rapidity  with 
which  the  shell  increases.  Since  the  wire  cage»  in  which  the 
oysters  were  confined  and  protected,  was  placed  among  the 
growing  oysters  upon  their  native  flats,  it  will  be  seen  that  not 
only  a  favorable  phu30  was  afforded  for  the  embryonic  oyster  to 
attach  himself  and  grow  unmolested,  but  enormous  numbers  of 
spawn  would  be  likely  to  be  at  hand,  and  the  inside  of  the  cage 
to  be  well  supplied  with  them.  And  such  was  the  case.  In  a 
month  the  box,  the  Btones  pnt  into  it  for  ballast,  and  the  oysters 
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themselves,  -were  literally  paved  with  young  oysterB  about  the 
size  of  an  old-time  thrce-eent  piece.  In  two  months  these  had 
grown  so  that  only  about  one  fourth  of  the  original  numl»er  now 
Burvived,  the  others  havins^  been  literally  "  shoved  out/"  and  tlie 
snrvivoi  s  now  had  sheik  averagin*^  from  three-fourths  of  an  inch 
to  an  inch  in  len2:th,  strong  and  solid,  and  weighing  often  aa 
much  as  three  or  four  grauimes. 

EXPLANATION  OF  PLATE  XXXIV. 

Fig.  1.  Glandular  epithelium  from  the  outer  surface  of  the 
mantle^  3D. 
Fio.  2.  Lime  acales  in  film  of  48  hours,  z}  3E. 
FlO.  3.   Decalcified  film  of  48  hours,  x}  4D. 

Fig.  -J.    Aoicular  prisms  from  film  of  48  hours,  3D. 

Fio.  5.    Pri-^ms  in  film  of  4S  hours,  %  \  3E. 

Fig.  6.    Peculiar  crystals  in  film  of  6  days,  xj  3E. 

The  fiLnifH  were  all  drawn  of  the  size  they  appeared  with  the 
Zeiss  oculars  and  ohjectives  indicated  and  reduced  one-half  in  the 
process  of  their  reproduction. 
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THE  NERVOUS  SYSTEM  OF  PORPITA.    By  H.  W. 
CONN,  and  H.  G.  BE  YEB,  M.  D.,  U.  S.  N.  With  Plate  XXXV. 


The  discovery  of  i\  nervous  system  among  the  Ccelenterata  has 
been  one  of  the  imporLant  results  of  modern  histology.  Start- 
ing with  Kleinenberg's  ncuro-miisclo  cells,'  which  later  obser- 
vations have  shown  to  have  been  wrongly  interpreted,  many 
observationb  upon  the  subject  by  excellent  histologists  liavL-  I  lcii. 
made,  and  to-day  it  is  known  that  a  \  c'ry  primitive,  and  tlitre- 
forc  very  iiucresting  nervous  system  cvisU  in  many  ol'  tLu  Ccelen- 
terates.  The  brothers  Ilertwig  found  and  described  such  a  sys- 
tem in  Medusae.'  From  their  observations  they  drew  some 
interesting  theoretical  coucluaioiis  as  to  the  origin  of  the  ik  rvous 
and  muscular  systems.  Later*  tlie  Actinia  were  studied  1  y  the 
6ame  histologists  with  eimilar  results.  The  Ctenophorae  have 
been  found  by  Chun'  and  again  by  the  ilertwigs'  to  possess  the 
same  nervous  system,  with  a  central  nerve  ring  and  peripheral 
scattered  ganglion  cells.  More  recently  the  llydroids  have  been 
the  object  of  special  investigation  in  this  regard.  Jickeli  found 
in  Endendrium  and  Hydra  certain  cells,  ^\  liich  he  considers  as 
nerve  cells,  scattered  quite  widely  over  the  uuimal.  Lcndenfeld' 
independently  discovered  the  same  cells,  and  extended  liis  obser- 
vations to  include  Campanularia.  lie  also  discovered  in  Cam- 
panularia  wliat  he  considers  as  a  central  nervous  system,  in  the 
form  of  an  endodermal  nerve  ring  around  the  probosciB  inside  the 
oral  opening. 

Our  knowledge  of  the  nervous  system  of  Siphonophorea  is 
nearly  all  contained  in  a  short  article  bj  Chun'  upon  Yellela. 

'  Klclnenberg.    Hydra.  Leipzig. 

'  O.  and  R.  Hertwig.   Mediiscn.  Leipzig. 

*  Hertwig.    Actinia.   Jenaisclics  Zcit.  vol.  13. 

*  Chun,  Monograph  on  Oteuophorae  of  the  Gulf  of  Naples. 

*  Hertwig.  Ctenophorae.  Jenalaches  Zell  toL  14. 

*  Jlckeli.  Morph.  Jahrb.  vol.  Vm 
'  Lendenfekl.   Zool.  Anz.  No.  131. 

*  Chun.  Konrensystem  des  SiphonophoreSi  ZooL  Anz.  Ko.  77. 
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This  paper  describes  a  system  of  ganglion  cells  in  the  ectoderm 
of  Vellela,  scattered  quite  abundantly  over  nearly  all  parts  of  the 
animal.  No  central  system  or  nerve  ring  such  aa  appears  in 
most  Coslenterates  was  seen.  This  obserration,  as  far  as  I  am 
aware,  stands  alone,  but  as  Chnn  is  a  very  careful  workman 
there  is  na  doubt  as  to  its  tmth.  Some  work  which  has  been 
done  in  the  Biological  laboratory  during  Uie  present  year,  upon 
Porpita,  shows  that  here  also  is  found  a  similar  system  of  nerve 
ganglion  cells.  The  observations  were  made  without  a  pieYions 
knowledge  of  Qhun's  paper,  and  are  therefore  more  valuable  as 
confirming  his  statement  as  to  the  existence  of  a  nervous  system 
among  Siphonophora,  as  well  as  in  extending  our  knowledge  of 
the  relation  and  distribution  of  the  same. 

Our  specimens  of  Porpita  were  collected  at  Beaufort,  N.  C..  mid 
were  preserved  by  osniic  aeid.  The  animals  were  phiced  alive 
in  a  very  weak  solution  of  osmic  acid  and  allowed  to  stain  for  a 
few  minutes.  Then  after  washing  they  were  hardened  in  alco- 
hol, at  first  in  a  weak  solution,  50  per  cent.,  then  in  70  per  cent, 
95  per  cent,  and  absolute  alco]iol.  This  presprved  the  tissues 
in  beautiful  condition  for  histological  work,  staining  tlie  cell 
nudei  and  the  nerve  cells  slightly.  It  was  hardly  necessary  to 
use  any  further  staining  reagents,  although  to  bring  out  the 
nuclei  of  the  nerve  cells  it  is  best  to  stain  the  specimen  with 
hsBmatozylin. 

To  make  the  airangement  and  distribution  of  the  nervous  sys- 
tem intelligible,  a  few  words  upon  the  rough  anatomy  and  Ids* 
tology  of  Potpita  will  be  neoessaiy.  Porpita  is  a  small  button- 
shaped  siphonophore,  with  a  diameter  vaiying  from  half  an  inch 
to  an  indi  and  a  half,  and  with  a  thickness,  in  large  specimens, 
somewhat  over  a  quarter  of  an  inch.  Thdr  color  is  a  beautiAil 
greenish  blue,  and  when  floating  on  the  water  with  their  long 
tentacles  spread  out,  they  are  as  handsome  a  Bpcciinen  as  one 
wishes  to  find.  At  sea  they  are  usually  seen  floating  ou  the  sur- 
face of  the  water  in  large  schools,  appearing  as  a  greenish  band, 
comparatively  narrow  but  very  long,  extending  in  a  straight  line 
for  miles.  They  possess  Bunie  power  of  locomotion,  but  this 
power  is  slight,  and  they  float  largely  at  the  mercy  of  the  winds 
and  waves. 

The  upper  surface  of  Porpita  is  a  plain,  nearly  flat,  circle, 
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which  is  perforated  by  numerous  openings  leading  into  a  series  of 
air  chambers  lying  direetly  benea^.  The  under  surface  is  more 
curved  in  outline^  and  is  covered  bj  large  nnmbera  of  zooids, 
nutritive^  generative  and  tentacular.  The  general  anatomy  can 
be  seen  from  Fig.  1,  Plate  XXXY,  which  is  a  perpendicular  radial 
section  through  ono-half  the  animal,  i.  4.  from  the  centre  to  the 
edge  of  the  disk.  The  upper  half  of  the  disk  can  be  seen  to  be 
occupied  by  a  series  of  air  chambers  A  arranged  in  concentric 
circles  around  the  centre,  each  circle  beinij  separated  from  the 
others  hy  circular  partitiooB  of  cliilin,  and  l)cing  furtlicr  divided 
bj  nidi;d  jtartitions  into  many  smaller  chainl)er.s.  Kiich  cham- 
ber communicates  witli  the  exterior  in  two  wavr^.  First,  hy  an 
opcnins:  throus>;h  the  u])por  surt'ace.  Fig.  1  leading  directly  to 
the  exterior,  and  pcc.ikI,  by  means  of  a  large  number  of  tubular 
filaments,  the  pneumatic  filaments,  Fie;.  1  j>f.  These  pneu- 
matic filaments  arise  from  the  lower  side  of  the  air  chambers, 
and  can  be  traced  from  these  through  the  lower  half  of  the  disk, 
pnrsmng  a  more  or  less  complex  course.  They  finally  make 
their  appearance  on  the  under  side  of  the  animal,  and  can  be 
seen  as  long  tubular  threads,  which  in  great  abundance  are 
wound  around  the  nutritive  sooids,  Fig.  1  pf. 

The  number  of  these  concentric  rings  of  air  chambers  varies 
very  much,  but  they  never  reach  the  edge  of  the  disk.  Outside 
the  outermost  air  chamber  the  disk  is  prolonged  into  a  thin 
flexible  velum,  Fig.  1  F.  This  velum  is  filled  by  a  gelatinous 
tissue,  and  is  traversed  by  numerous  branching  canals.  It  is 
Very  abundantly  supplied  with  circular  ectodermal  muscles,  thus 
forming  a  movable  membrane  extoudin*^  around  the  animal  and 
giving  it  6ome  power  of  motion. 

Upon  the  lower  surface  of  the  animal  are  found  the  various 
forms  of  zooidfi.  These  consist  of  three  kind?.  (\)  One  very 
large  central  zooid,  Fiii;.  1  CZ^  the  primary  nutritive  origan.  (2) 
A  very  srreat  number  of  emnllcr  nutritive  zooid?,  Fig.  1  ^VZ, 
varyini;  much  in  size  from  minute  buds  to  large  organs,  nearly 
the  size  of  the  central  zooid.  They  fill  the  space  from  the  cen- 
tral zooid  to  the  base  of  the  tentacles,  occupying  thus  a  lara;e 
part  of  the  under  surface  of  the  animal.  Most  of  the  feeding  of  the 
Porpita  is  done  by  these  sooids,  and  they  serve  also  as  the  origin  of 
the  generative  organs,  the  medusae  appearing  as  buds  around  their 


Digitized  by  Google 


436 


H,  W.  aONN  AND  H.  Q.  BEYER. 


bases,  Fig.  1  OZ,  (3)  External  to  the  feedlDg  zooids  arc  three 
or  four  rows  of  tentacles,  Fig.  1  T,  Most  of  these  tentacles  are 
Tery  long,  even  surpassing  in  length  the  diameter  of  the  disk ; 
and  when  the  animal  is  floating  on  the  water  they  are  stretched 
out  as  a  deep  fringe  aronnd  it.  The  outer  rows  are  jonnger 
and  mnch  shorter,  not  even  reaching  the  edge  of  the  velum. 
They  are  all  moyahle  and  highly  sensitiye^  and  are  armed  with 
qnantitiee  of  thread  eeUs,  many  of  which  are  collected  in  nnmer- 
ons  knob-like  batteries,  Fig  1 

The  most  external  layer  of  oells.over  the  whole  of  the  animal 
is  an  ectodermal  epithelial  layer.  The  cells  of  this  layer  rary 
considerably  in  diflferent  regions.  Upon  the  upper  surface  of  the 
disk  they  are  high  cohimnar  cells,  Figs.  1  and  5  7:',  many  of 
which,  especially  near  the  edge  of  tlie  velum,  are  epithelio-mus- 
cular  cells,  Fig.  7.  Upon  the  under  side  of  the  velum  the  cells 
are  smaller  and  by  no  means  as  high,  Fig.  5.  The  nutritive 
zooids  are  covered  with  a  still  smaller  layer  of  cells,  and  upon 
the  central  zooid  they  become  quite  flat.  The  tentacles  finally 
reach  the  extreme,  and  are  covered  by  a  layer  of  large  but  thin 
scale-like  cells,  Fig.  1  T  and  Fig.  3.  Immediately  beneath  the 
epithelial  cells  is  found  a  layer  of  ectodermal  muscle  fibres.  In 
the  tentacles  and  the  nutritive  zooids  the  ectodermal  muscles  are 
longitudinal.  The  ectoderm  al  moseles  found  in  the  velum,  how- 
ever, are  circular  muscles.  This  system  of  muscles  is  much  more 
highly  developed  than  the  endodermal  muscles  which  are  found  in 
the  nutritive  sooids,  and  to  it  seems  to  be  due  most  of  the  move- 
ments of  the  animal.  In  all  parts  of  the  body  there  is  devel- 
oped just  beneath  the  ectodermal  muscle  layer  a  supporting 
membrane,  Figs.  4  and  5  8l»  The  thickness  of  this  supporting 
layer  varies  much,  it  being  thin  in  the  tentacles,  but  very  thick 
in  the  central  zooid  and  in  the  upper  part  of  the  disk.  Succeed- 
ing tlie  supporting  layer,  as  we  go  toward  the  interior,  are  found 
in  some  regions  a  system  of  eududcrmul  iiiuocleb.  Neither  the 
tentacles  nor  the  velum,  where  the  ectodermal  muscles  are  so 
powerful,  possess  endodermal  muscles;  but  the  nutritive  zooids, 
and  particularly  the  central  zooid,  have  an  abundant  supply. 
They  form  in  all  cases  a  circular  system.  The  innermost  layer 
of  cells  is  the  endoderm,  which  presents  many  varieties,  according 
to  the  region  of  the  body  where  it  is  found  and  the  function  it 
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peiforiDB.  A  very  pecnliar  endoderm  oeU  is  found  in  consider- 
able numbers  in  the  tentacles,  of  which  Fig.  8  is  a  representation. 
Each  has  a  qnite  large  body,  very  clear  and  perfectly  transparent 
Toward  the  interior  of  the  tentade  the  cell  is  prolonged  as  a 
highly  fiTannlar  columnar  process,  ending  in  a  knob  in  which  is 
contained  a  liir<^e  nucleus.  Toward  the  exterior  the  transparent 
body  is  c'ontinned  as  a  lonj;  seemingly  tubular  process  which 
reaches  to  the  supporting  membrane.  These  cells  are  touiid 
among  otiier  endoderm  cells  of  ordinary  form  which  nearly  fill 
the  interior  of  the  tent  i<  le.  Elsewhere  in  the  animal  the  endo- 
derm ha«  ccIIb  usually  characteristic  of  this  layer. 

There  are  in  Forpita  two  distinct  structures  which  are  prob- 
ably nervous  in  function.  The  first  consists  of  scattered  ganglion 
cells  widely  distributed  and  quite  abundant.  The  second  is  a 
large  number  of  organs  around  the  edge  of  the  velum,  which 
seem  to  be  sensory  oigans  of  some  kind. 

jVeroe  Ganglion  Cells. 

If  a  bit  of  the  tentacle  of  an  osmic  add  specimen  of  Porpita 
be  teased  ont  in  glycerine^  in  sneh  a  manner  as  to  flatten  the 
ectoderm  without  polling  it  to  pieeeS|  qnite  a  nnmber  of  different 
ectodermal  stractoies  will  be  seen.  Most  prominent  will  be  the 
longitudinal  mnscle  fibres,  which  section  shows  are  entirely  ont* 
aide  the  supporting  membrane,  and  therefore  ectodermal.  Lying 
among  the  mnscle  fibres  and  sometimes  seen  to  be  connected 
■with  them  are  numerous  thread  cells.  The  outlines  of  the  ecto- 
dermal cells  are  also  plainly  seen,  showing  them  tobelargeilat  ceils, 
each  of  which  contains  a  prominent  nucleus.  Careful  observa- 
tion will  bhow  another  structure  much  less  prominent  than  those 
mentioned,  faintly  stained  with  osmic  acid  or  picro-carmine  or 
more  deeply  with  haematoxylin.  These  cells  are,  as  far  as  can 
be  jiul«j-pd  from  their  histolo^^y,  true  ganglion  cells.  Fio".  3  is  a 
camera  drawing  of  such  a  preparation.  Muscle  fibres  and  thread 
cells  are  omitted,  to  avoid  confusion. 

The  body  of  these  ganglion  cells  is  very  small,  smaller  indeed 
than  the  nuclei  of  the  ectodermal  cells.  They  are  only  abont 
of  an  inch  in  diameter  in  ordinary  specimens,  though  some- 
times somewhat  laiger.  Once  seen,  however,  they  can  be  readily 
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found  in  largo  hombertk  Each  cell  coneists  of  a  small  cell  body 
with  fleveral  long  processes,  Figs.  2  and  3.  In  a  majority  of 
cases  the  cell  bodies  are  triangular,  Fig.  2  a,  with  a  long  fibre 
given  (>  1  r  f rom  each  angle.  Bipolar  cells  are  also  frequently  seen, 
tbongh  they  are  mneh  less  frequent  than  the  tripolar  cells;  in 
these  cells  the  body  approaches  an  oval  form,  Fig.  2  h.  In  still 
other  cases  cells  with  four  processes  are  seen,  Fig.  2  e.  Occa- 
sionally multipolar  cells  with  more  than  four  processes  are  found, 
though  they  are  extremely  rare.  The  tripolar  cells  with  a  trian- 
gular body  are  much  the  most  common. 

The  body  of  the  cell  at  first  sight  seems  to  be  completely  homo- 
geneous, and  it  is  with  difficult}-  that  a  nucleiie  can  be  distiu- 
guished.  Careful  examination  of  favorable  specimens,  however, 
particularly  those  stained  witli  haematoxylin,  shows  what  is 
represented  in  Fig.  2.  There  is  present  iti  each  cell  a  larjre  but 
faint  nnelenp,  nearly  filling  the  body  of  the  cell,  and  within  this 
a  small  bri^rht  point,  the  nncleolns.  The  cell  is  very  elightly 
granular  and  usually  appears  as  a  clear,  almost  hyaline  mass,  iu 
which  can  bo  seen  the  nucleus  as  a  somewhat  dark  areai  and  the 
nucleolus  as  a  small  bright  spot,  Fig.  2. 

The  fibres  which  arise  from  these  cells  are,  as  above  stated, 
usually  three  in  number,  though  there  may  be  two  or  four,  or 
occasionally  more,  given  off  finom  each  celL  Very  thin  delicate 
fibres  they  are,  pursuing  a  tolerably  straight  course  dosely 
applied  to  the  muscular  layer.  They  all  divide  more  or  less  into 
finer  branches,  and  thus  the  proceeses  firom  each  cell  cover  quite 
a  considerable  area.  They  are  remarkable  for  their  extreme 
length,  and  can  in  favorable  preparations  be  traced  as  delicate 
branching  fibres  for  a  long  distance  before  they  finally  disappear 
in  the  muscular  layer,  llow^  much  farther  they  may  be  con- 
tinued within  this  layer  it  is  of  course  impossible  to  say.  Fre- 
quently the  fibres  from  one  cell  unite  with  those  of  other  cells, 
as  in  Fig.  o,  thus  pnttin?  the  different  nerve  ijranglia  into  04)in- 
munication  with  eaeli  other,  and  forming?  to  a  certain  extent  a 
continuous  nerve  plexus.  Many  of  the  fibres,  however,  do  not 
present  any  such  connection  with  other  fibres,  but  after  branch- 
ing in  a  complex  manner,  finally  appear  to  enter  the  niuscnlar 
layer  lying  beneath  them  and  thus  disappear  from  view.  They 
do  not  seem  to  have  any  connection  with  the  thread  cells,  which 


Digitized  by  Google 


THE  NERVOUS  SYSTEM  OF  POBPITA.  439 


«re  found  abnndaatlj  scattered  In  the  ectoderm,  althotig^  they 
are  foand  in  the  ectoderm  of  the  BtalkB  whieh  bear  the  thread 
cell  batteriee,  Fig.  1  jB,  They  haTe,  indeed,  connection  with  no 
stmctorea  except  the  mofides. 

These  cells  are  entirely  ectodermal  8trQctnres,a8  is  abnndantly 
proved  by  section.  A  cross  section  of  the  tentacle^  Fig.  4,  will 
indicate  tliis  relation.  The  ganglion  cells  G  are  seen  to  lie 
within  tlie  cetodormul  cells.  Beneath  them  are  the  ectodermal 
mnscles  J/,  and  still  further  toward  the  interior  is  seen  the  sup- 
porting layer,  Fig.  4  Sl^  wiiich  separates  ectoderm  from  endo- 
derm.  This  ejstem  of  ganglion  cells  therefore  lies  in  the  onter- 
niost  layer  of  the  ectoderm,  even  exterior  to  the  ectodermal 
muscles.  The  same  can  be  seen  in  ?ecti(>iis  from  other  parts  of 
the  animal.  Fig.  5  is  a  section  through  the  edge  of  the  velum, 
and  shows  the  ganglion  cells  G  lying  among  the  ectodermal 
epithelial  cells  and  outside  the  ectodermal  muscles.  All  the 
ganglion  cells  are  ectodermal,  therefore,  and  the  endoderm  does 
not  seem  to  possess  nervons  elements,  as  is  the  case  in  some 
hydroids'  and  in  ctenophorae.' 

Though  the  cells  are  most  readily  seen  in  the  ectoderm  of  the 
tentacles,  owing  to  the  thinness  of  the  ectodermal  cells  in  this 
r^on,  after  they  are  once  recognised  they  can  be  ibnnd  in 
various  other  parts  of  the  animal,  and  are  indeed  quite  widely 
distributed.  They  are  always  found  in  connection  with  the 
muscular  system,  and  are  most  abundant  when  this  system  is 
most  highly  developed.  All  of  the  tentacles  are  well  supplied 
with  them.  Tlie  velum,  whicii  is  liighly  nmscular,  \o  particu- 
larly rich  in  its  nerve  6U]i])ly,  both  upon  its  upper  and  its  under 
surfaces.  The  nerve  cells  are  found  here  more  abundantly  than 
elsewhere.  Uj)on  the  u})per  surface  of  the  animal,  as  we 
apj)roach  the  centre,  the  muscular  system  becomes  less  and  less 
noticeable,  and  parallel  with  its  decreasing  importance  the  nerve 
cells  become  less  abundant.  They  can  be  found,  however, 
scattered  here  and  there  over  the  entire  dorsal  surface  of  the 
disk.  Upon  the  nutritive  zooids  we  have  been  unable  to  iind  a 
single  ganglion  cell,  although  wo  have  searched  patiently  for 
them.  Neither  can  they  be  found  in  the  ectoderm  of  the  central 

'  Lendenfcld,  Zoo).  An?,.  No.  131. 
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sooid,  although  here,  owing  to  the  thinnefiB  of  the  ectoderm  eeUs» 
they  would  be  easily  seen  if  preeent  Ofauiiy  in  his  paper  on 
YeUela,  states  that  the  nerve  ceUs  are  to  be  fimnd  here  as  well  as 
elsewhere.  This  is  certainly  not  the  case  in  Porpita,  for  in  no 
case,  either  by  teasing  or  by  sectiony  have  we  been  able  to 
discoTer  a  single  nerve  cell  in  any  of  the  nutritive  aooids. 

The  distribution  of  the  ganglion  cells  then  is  as  follows :  They 
lie  wholly  in  the  ectoderm,  and  their  fibres,  after  ninniug  for  a 
considerable  distance  beneath  the  outer  eetodenn'oells  and  imme* 
diatelj  upon  the  musde  layer,  finally  penetrate  this  layer  and 
are  lost  The  whole  of  the  upper  surface  of  the  animal  is  sup- 
plied with  them,  somewhat  sparsely  toward  the  centre,  but  much 
more  abundantly  toward  the  edge  and  espeeiallj  in  the  velum. 
The  under  surfliice  of  the  velum  has  also  a  rich  supply,  and  the 
tentacles  which  come  next  in  order  contain  large  numbers.  6e^ 
yond  the  base  of  the  inner  row  of  tentaelesy  toward  the  centre  of 
the  lower  surfiice,  they  are  no  longer  to  be  seen  either  in  the 
secondary  nor  the  central  sooid. 

The  numbers  of  ganglion  cells  in  these  different  r^ons  differ 
very  much,  but  every  wliere,  even  where  they  are  the  most  abun-. 
dant,  their  relatively  small  number  is  quite  surprising  if  they  are 
to  be  considered  as  forming  a  nervous  system.  In  the  tentadesy 
where  the  ectodermal  cells  are  laige^  there  is  found  on  an  average 
about  one  nerve  cell  to  a  dozen  ectodermal  cells.  In  the  upper 
surface  of  the  velum  they  are  somewhat  more  abundant,  but 
owing  to  the  fact  that  the  ectodermal  cells  are  smaller  their  relar 
tive  number  is  much  less;  while  in  the  centre  of  the  upper  sur* 
face  not  more  than  a  single  nerve  cell  is  found  to  200  or  SOO 
ectodermal  cells.  They  are  not  distributed  with  any  regularity. 
Quite  a  number  may  be  found  lying  very  near  together.  Fig.  3, 
in  adjacent  or  even  in  the  same  cell,  and  then  there  will  be  seen 
a  large  tract  which  does  not  seem  to  be  at  all  supplied  with  them. 
Nothing  like  a  central  system  can  be  made  out.  Ko  union  of 
the  cells  into  a  nerve  ring,  such  as  has  been  made  out  by  the 
Hertwigs'  in  Hedusae  and  by  Lendenfeld*  in  Eudeuduom,  geems 
to  exist. 

There  is  still  perhaps  some  doubt  as  to  whether  tho  structures 
here  described  are  really  what  they  have  been  considered; 
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whether  thej  may  not  be  some  ferm  of  CQimectiTe  tissue  oor-  ' 
pnscle  without  any  nervom  iiiDotioik.  They  are,  as  we  have  seen, 
▼ery  few  in  nnmben  as  compared  with  any  organs  which  they 
are  supposed  to  enervate;  Ihey  are  connected  with  no  central 
system,  and  simply  fonn  a  more  or  lees  oonnected  plexus  of  scat- 
tered cells.  If  they  are  trae  nerre  elements  thcj  are  only  to  be 
considered  as  what  may  be  the  beginning  of  a  nerrons  f^stem. 
It  can  hardly  be  possible  that  they  play  any  important  function 
as  nervous  organs.  Always  associated  as  they  are  -witli  the  iniis- 
ciiliii  tysteiii,  they  urc  to  be  rLL^urJed  as  muscuhir  rather  than 
sensory  cells ;  but  the  relatively  suiall  number  of  even  their  fibres, 
a?  ccim[»ared  with  the  number  of  muscular  fibres  whicli  each 
must  be  supposed  to  control,  certainly  indicates  that  the  mus- 
cular bvstem  cannot  be  to  any  great  extent  dependent  upon 
them  for  its  stimnlution.  The  cells  here  deecribcd  and  those 
dcsrribed  l)y  Chun  in  Yellcla  are,  however,  undoubtedly  similar 
structures  to  those  found  by  yarious  observers  in  other  Coalen* 
terates,  and  in  many  cases,  as  in  Mednsae  and  Actinia,  they  are 
oonnected  with  a  central  nervous  system.  In  these  eases  there 
can  be  little  doubt  as  to  their  nervous  functions.  The  fact  of 
the  great  resemblance  of  the  cells  here  found  to  those  of  the 
peripheral  nervous  system  of  other  coslenterates,  shows  therefore 
that  we  are  probably  correct  in  viewing  them  as  nervous  struc* 
tures,  and  as  forming  a  veiy  primitive  nervous  system,  but  one  in 
which  the  nervous  function  is  probably  very  slightly  manifested. 

Suuary  Organ$, 

Under  this  head  are  included  a  group  of  organs,  hitlierto 
iindescribed,  whose  nature  is  soniewJiat  problcaiaticalj  l)ut  which 
from  their  structure  seem  to  be  organs  of  sense  of  &ome  kind. 

If  the  velum  of  Porpita  bo  examined  from  the  upper  surface 
with  a  lens,  it  will  be  Been  that  its  edi^e  is  not  a  plain  circle,  but 
is  marked  by  serration,  and  looks  somewhat  like  the  rim  of  a 
wheel  studded  irregularly  with  small  cogs.  A  close  examination 
shows  that  this  is  due  to  the  presence  of  a  series  of  organs,  many 
hundreds  in  number,  which,  side  by  side,  are  arranged  around 
the  edge  of  the  velum.  Each  organ  is  a  small  ectodermal 
pocket,  and  is  separated  from  its  neighbor  by  a  small  space, 
equal  in  width  perhaps  to  that  of  the  pockets  themselves.  They 
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thus  form  a  sensory  ring  extendiiiL;  nround  the  edge  of  the  difik 
and  compoBed  of  hundreds  of  entirely  separate  organs. 

The  minute  Btnictnre  of  these  organs  can  only  be  made  OQt 
from  sections  and  teased  specimens.  They  are  best  seen  in 
radial  sections  through  tlic  edge  of  the  velam.  Snch  a  section 
is  sliown  in  Fig.  1  and  much  more  highly  magnified  in  Fig.  5. 
Such  sectiona  show  at  a  glance  the  nature  of  the  organs.  They 
are  nothing  more  than  little  invaginationB  of  the  ectoderm,  fonn* 
ing  a  little  pooket  filled  with  peculiar  cells.  The  supporting 
memhrancy  separating  the  ectoderm  from  the  endoderm,  can  be 
traced  along  the  velnm  to  its  edge  Sl^  and  there  bending  in- 
creased to  form  the  inner  lining  of  each  pocket  iST.  Beneath 
the  supporting  membrane,  in  the  interior  of  the  velnm,  is  seen 
a  gelatinous  tissue  perforated  by  numerous  endodermal  canals, 
Fig.  5  C.  Outside  this  meml)ranc,  upon  the  upper  and  under 
surface  of  the  vcluiii,  lie  the  ordinary  ectodermal  epithelial 
cells,  and  outside  the  same  membrane,  but  within  the  pocket 
formed  by  its  invagination,  lie  a  large  number  of  cells,  still 
ectodermal  celis  but  highly  modllied. 

Tiie  cells  which  fill  these  pockets  are  large  and  highly  special- 
ized, but  they  are  nevertheless  only  modified  ectodermal  cells. 
This  is  readily  proved  by  examination  of  many  sections  which 
show  a  complete  gradation  from  the  ordinary  ectodermal 
epithelial  cells  to  the  large  peculiar  cells  in  the  interior  of  the 
pocket,  Fig.  5.  Toward  the  edge  of  the  pocket  the  ectodermal 
cells  of  the  velnm  are  seen  to  elongate,  and  thns,  even  at  the 
deepest  part  of  the  organ,  while  the  base  of  the  cell  is  applied 
closely  to  the  supporting  membrane,  its  free  end  is  still  npon  a 
level  with  the  rest  of  the  ectodermal  cells.  The  ectoderm  celh 
can  thus  be  traced  from  the  short  columnar  cells,  by  ahncist 
insensible  changes,  to  the  peculiarly  modified  nems  cells  in  the 
interior  of  the  sensory  organs. 

Each  pocket  of  this  row  is  thus  seen  to  be  filled  with  a  large 
number  of  long,  quite  large  cells,  with  a  broad  base  applied  to 
the  supporting  membrane,  and  with  their  narrower  free  ends 
lying  exposed  to  the  exterior.  Two  distinct  types  of  these  cells 
can  be  distinguished,  although  they  usually  graduate  into  each 
other  without  an  abrupt  break.  There  are  iirst  in  the  middle 
and  deepest  part  of  each  pocket  a  number  of  large  cella,  very 
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highly  granular,  Fig.  5  and  Fig.  6  «.  Each  of  these  cells  is 
somewhat  conical  in  shape,  with  its  apex,  in  most  cases  bnt  not 
in  all,  reaching  the  surface  of  the  Telnm  and  thns  exposed  to 
the  water.  At  its  base  the  cell  shows  a  broad  band  more  highly 
granular  than  the  rest,  Fig.  6  a,  in  which  is  seen  a  very  large  and 
very  distinct  spherical  nucleus  containing  a  prominent  nucleolus, 
Figs.  5  and  6.  These  cells  fill  the  middle  of  each  pocket  The 
second  type  of  cell  is  found  around  the  edge  of  the  organ,  some- 
times passing  insensibly  into  the  cells  of  the  first  type  and  some- 
times ending  more  abruptly.  They  differ  from  the  first,  type  in 
being  much  more  slender,  and  in  not  being  gi  anular,  but  com- 
posed of  a  clear  hyaline  substance  which  appears  perfectly  homo- 
geneous. Each  cell  shows  one  or  two  swellings  within  which  is 
an  oval  mass  of  more  dense  material,  which  stains  more  deeply 
than  the  rest  of  the  cell.  It  is  the  nucleus,  but  it  is  seltloi; 
definitely  outlined,  and  in  no  case  is  it  as  prominent  and  distinct 
a  structure  as  is  the  nucleus  of  the  central  cells.  Ko  nucleolup 
is  dit^cernible.  These  cells  are  much  more  abundant  than  those 
of  the  first  type,  occurring  in  thick  masses  around  the  sides  of 
each  pcTeket  and  enclosing  the  central  cells  in  the  middle.  In 
their  natural  position  they  remind  one  somewhat  of  the  lavers  of 
rods  and  cones  in  the  retina  of  the  eye.  At  the  extreme  edges 
of  the  organs  they  of  course  become  shorter  and  finally  pass 
into  the  ordinary  ectoderm  cells. 

The  functions  of  these  organs  it  is  impossible  to  tell  with  cer- 
tainty without  observations  on  living  specimens,  and  as  we  have 
only  had  alcoholic  specimens  to  work  upon,  we  cannot  say  con- 
clusively what  they  are.  From  their  histological  appearance, 
however,  they  would  seem  to  be  organs  of  touch.  The  presence 
of  such  long  delicate  cells  with  free  ends  exposed  to  the  sur- 
rounding water  would  certainly  point  to  such  a  function;  and 
their  position  at  the  extreme  edge  of  the  velum  would  favor  the 
same  view.  They  have  no  connection  witii  the  nerve  ganglia 
above  described;  iiv.L  a  single  nerve  cell  is  to  be  foimd  in  them 
or  in  any  way  connected  with  them.  JJut  thi.s  is  not  surprising, 
for  we  have  seen  tliat  tiie  ganglion  cells  are  associated  with  the 
muscular  S3  stem  alune,  and  their  absence  in  thet^e  bodies  is  to  be 
expected.  Until  further  evidence  can  l>e  obtained  they  may  be 
considered  as  organs  of  sense  and  probably  organs  of  touch. 
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These  same  organs  degenerate  with  great  readiness.  In  speci- 
mens kept  in  aquaria  for  a  few  dajf»,  the  wliole  of  tlie  central 
cells,  except  the  densely  granular  area  at  their  base,  fused  into  a 
homogeneous  masa,  giving  them  the  appearance  of  pecrciing 
organs.  In  ■well-preserved  sjjociniens,  however,  the  cells  are  dis- 
tinct and  have  the  above-described  shape. 

EXPLANATION  OF  FLATE  XXXV. 

Figure.  1.  A  diagrammatic  perpendicular  radial  section  of  Porpita 
from  the  centre  of 'the  aninuil  to  its  circumference. 

B,  Batteries  of  thrcwl  cells. 

0.  Opening  of  air  chambers  through  the  upper  surface, 
V,  Velum, 

AC.  Air  chamber. 
CZ.  Central  nutritive  zooid, 
GZ.  Generative  zooids. 
NZ,  Secondary  nutritive  zooids. 
pf.  Pneumatic  filaments. 

FiGUBE  2.  Specimens  of  nerve  oella. 
a.  Tripolar  cell. 
h.  Bipolar  cell. 
c*  Qnadnpolar  oeU. 

FiauBB  9*  Teased  preparation  from  tentacle*  showing  ectodermal 
cells  and  ganglion  cells. 

G,  Ganglion  cells. 

F,  Nerve  processes  from  the  cells. 

FiGUKE  4.  Cross  action  of  tentacle, 

G.  Nerve  fibre. 

M.  Muscle  fibres  in  section. 
SL  Supporting  membrane. 

Fig  UBS  5.  Cross  section  through  edge  of  velum  showing  sensory 
bodj. 

C.  Fn(lo<1ermal  canals  of  vein m. 
E.  iicto  l.  rnial  epithelial  cells. 

G.  Ganglion  cell". 

81.  Supporting  membrane. 

81! .  Supporting  membrane  lining  the  sensory  organs. 
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FiGUBB  6.  Sense  cells  from  aetifiory  organs. 

0.  One  of  tlic  larger  central  cells. 

h»  Smaller  periphend  oells  of  the  sense  organs. 

FiouBB  7.  Epithelio-moscnlar  oelU  from  the  upper  otrface  of  the 
Yelam. 

Figure  8.  Peculiar  endoderinal  cell  (band  in  the  tentacles. 
Figores  drawn  by  H.  W.  Conn. 
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ON  THE  PRESENCE  OF  CILIATED  EPITHEL- 
lUM  IN  THE  HUMAN  KIDNEY.  Hy  ALBERT  H. 
TUTTLE,  Profe=8or  of  Zoology  in  the  Ohio  Htate  University: 
Fellow  by  Oourteflj  of  the  Johna  Uopkius  University.  With 
Plate  XXXVL 

The  pretkince  of  vibratile  cilia  in  the  renal  organs  of  the  cold* 
blooded  vertebrates  was  fully  ettablishcd  many  years  ago :  the 
extent  oftheob«ervations  made  in  that  direction  toward  thecloeeof 
the  last  half  century  is,  however,  not  generally  recognized.  Those 
of  Bowman  (Philosophical  Transactions,  1842)  upon  the  kidnejr 
of  the  frog  are  most  oommonly  referred  to,  and  are  frequently  bo 
cited  as  to  leave  the  imprf'^'^ion  that  only  the  neck  of  the  capenle 
was  known  to  be  ciliated ;  that  author,  in  the  paper  referred  to, 
interested  as  be  was  in  a  far  different  qoestion,  tiiat  of  the  troe 
relation  of  the  Malpighian  oorpnscle  to  the  nriniferons  tabnle, 
making  mention  only  of  the  cilia  obseryed  in  the  neck  of  the  cap- 
sale  and  in  that  portion  of  the  eapsnle  itself  which  immediately 
adjoins  the  opening  into  the  tubnle.  The  publication  of  this 
important  paper,  which,  as  is  well  known,  contained  the  first  true 
solution  of  the  question  with  which  it  directly  dealt,  called  the 
attention  of  observers  to  the  organs  in  question,  which  were,  in 
accordance  with  the  iisafre  of  the  day,  very  gtatjially  cAuuiined 
in  the  fresh  condition  :  the  fact  last  mentioned  gives  the  reason 
why  stmctures  which  have  to  a  great  extent  escaped  observation 
in  the  hardened  and  stained  pre])aration8  more  common  at  the 
present  day  were  seen  with  the  far  less  efficient  instruments  of 
the  earlier  o])siorvers.  Bowman  Bpoake  of  the  cilia  as  seen  in 
action,  protlucing  a  current  away  from  the  capsnlc,  beyond  the 
neck  of  which  he  did  not  follow  them.  KuUiker,  however  (Miil- 
ler's  Archiv,  184^5),  describes  cilia  in  action  throughout  the  entire 
extent  of  tlie  tubules  in  the  kidney  of  an  embryo  lizard ;  and  in 
a  note  to  ICoUiker's  paper  Mrdler  states  that  he  has  observed  the 
same  phenomenon  in  the  tubules  of  the  kidney  of  a.skate.  Be- 
mak  {Froriep^9  Ifeue  NotiBen^  1845)  records  the  observation  of 
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cilia  in  action  throughout  the  extent  of  the  tahnles  in  the  kid- 
nejB  of  lizardB  and  newts.  G.  Johnson,  the  author  of  the  article 
on  the  kidney  In  Todd's  Cyclopedia  of  Anatomy  (Vol.  lY,  1848), 
speaks  of  dliaiy  action  as  ohserred  hy  him  in  all  portions  of  the 
tnbnle  in  the  kidneys  of  two  genera  of  newts,  Triton  and  Lisso- 
triton,  in  considerable  portions  of  the  tnbnles  of  the  kidney  of 
the  frog,  and  through  a  large  extent  of  the  tnbnles  in  the  kidney 
of  a  snake :  he  also  predicts  their  eventual  discovery  in  the  kid- 
neys uf  all  vertebrates.  In  1854  Kolliker,  in  his  Mici'oscopische 
jUmiomiey  mentions- the  ciliation  of  the  tubules  in  reptiles,  am- 
phibians, and  fishes  as  a  well-established  fact,  referring  to  the 
observationB  cited  above  and  others.  Tliis  conclu&ioD,  while  fiillv 
reeocrnized  bv  those  who  have  carefnllv  examined  the  matter, 
seems  to  have  dropped  out  of  the  general  literature  of  the  histology 
of  the  kidney  ;  the  observation  of  Bowman  npon  the  neck  of  the 
capsule  being,  as  I  have  already  said,  the  only  one  generally  cited. 

As  regards  warm-blooded  vertebrates  our  present  knowledge  is 
far  less  extensive.  Most  of  the  papers  above  alluded  to  speak  of 
the  impossibility  of  recognizing  the  cilia  in  the  kidneys  of  the 
animals  under  consideration  after  their  characteristic  action  had 
ceased :  this  doubtless  takes  place  aa  an  almost  immediate  con- 
sequence of  the  change  of  temperaloiro  caused  by  the  removal  of 
a  portion  of  the  kidney  of  a  bird  or  mammal  to  the  stage  of  the 
microscope;  and  the  best  microscopes  of  that  day,  and  indeed  of  a 
innch  later  period,  were  wholly  inadequate  to  the  detection  and 
resolution  of  ench  delicate  and  thickly  set  cilia  as  are  reidly  prea- 
cut,  when  in  a  state  of  rest.  Gerlach,  however,  as  quoted  by 
Kolliker  (Micr.  Anat.)y  saw  what  he  believed  to  be  ciliary  action 
in  the  kidney  of  the  common  fowl,  and  Hassall  ("Microscopic  Ana- 
tomy, London,  1852)  described  it  as  witnessed  by  him  in  the  kid- 
neys of  the  sheep,  the  liorse,  and  the  rabbit. 

The  first  person  to  recognize  the  presence  of  ciliated  epithelium 
in  the  hardened  and  stained  mammalian  kidney  was  Klein,  who 
published  in  the  Quarterly  Journal  of  Microscopic  Science  for 
April,  1881,  a  notice  of  their  detection  in  the  kidney  of  the  mouse. 
He  found  them  in  the  neck  of  the  capsule,  but  makes  no  men- 
tion of  having  seen  them  in  any  other  portion  of  the  tubule.  The 
object  of  the  present  communication  is  to  call  attention  not  only 
to  their  presence  in  the  human  kidney,  but  also  to  their  extensive 
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dittribvtioii ;  and  to  reooid  Bunilar  obeerrationB  made  upon  the 
kidney  of  the  eat. 

The  hnman  kidneja  which  I  have  examined  in  this  oonnection 
were  obtained  firom  a  seriea  of  antopdea  made  daring  the  month 
of  February  last  at  the  amall-poz  hoBpital  by  Dr.  W.  T.  Conncil- 
man  (who  was  then  lecturing  on  pathological  histology  in  this 
laboratorv),  under  very  fjivorable  circiiiii&tanccs  us  regards  their 
perfectly  fresh  condition :  they  wore  caretullj  hardened  in  alcohol, 
being  intended  onginally  for  the  demonstration  of  micrococci. 
Tiieir  exceptionally  fine  state  of  preservation  led  me  to  study 
them  carefully  with  Iiigh  powers,  with  the  result  (among  others) 
of  the  detection  of  the  cilia  in  question  in  all  that  were  not  ex- 
tensively diaeaaedy  viz.  in  aiztcen  oat  of  nineteen  kidneys  ex- 
amined. ' 

The  sections  made  use  of  were  from  .01  to  .03  mm.  in  thick- 
ness, were  chiefly  stained  with  iiiamarck  brown  and  mounted 
in  glycerin,  though  some  were  examined  unstained  or  stained 
with  other  reagents,  and  some  were  monnted  in  balsam.  It  was 
while  studying  the  struotnre  of  the  nndei  with  a  Zeiss  one-twelfth 
oil-immersion  oljective  that  I  came^  to  my  surprise,  upon  fine, 
closely  set  cilia  projecting  freely  into  the  lumen  of  the  tubule, 
which  is  considerably  enlaiged  in  the  small-pox  kidney.  Al- 
thou^  they  were  seen  in  numerous'^laoes  in  the  section  under 
examination,  my  first  improsdon  was  that  each  place  under  con* 
sideration  must  be  in  close  etractnral  proximity  to  the  classical 
neck  of  the  capsule  of  its  respective  tubule,  until  after  several 
days'  examination  of  the  sau  o  section,  when  1  cainu  upon  the 
region  represented  in  Fig.  1,  Tiate  XXXVI,  which  is  plainly  the 
place  where  the  lower  part  of  the  convoluted  tubule  ("spiral 
portion"  of  Schachowa)  passes  into  the  descending  limb  of 
Henle's  loop.  The  subsequent  examination  of  a  largo  number 
of  sections  from  the  whole  series  of  kidneys  in  my  hands  has 
couTinoed  me  that  the  convoluted  tubule  is  very  extensively  if  not 
generally  ciliated.  Fig.  2  represents  a  cross  section,  and  Fig.  3 
a  longitudinal  section  of  such  a  tubule.  (Figs.  1,  2  and  3  are 
drawn  from  different  kidneys.) 

It  is  somewhat  remarkable  that  while  I  have  examined  an  in- 
definite number  of  capsules  lying  in  the  planes  of  the  sections 
that  I  have  studied  most  carefully,  I  have  not  happened  to  come 
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upon  a  single  one  in  which  the  plane  of  the  fleotion  coincided 
with  the  neck  of  the  capsnle.  I  am  therefore  ae  yet  unable  to 
Bay  finom  obserTation  whether  or  no  the  cilia  exist  at  that  hiatorie 
point  In  the  case  of  the  cat,  however,  I  have  met  with  some- 
thing approximating  auccesa  in  this  direction,  as  I  shall  presently 
state. 

The  question  of  the  relation  of  the  dlia  to  the  rod-like  bodies 

(or  stahchen)  of  Heidenhain  readily  presented  itself.  As  the  al- 
eoliol-luirdeued  liuman  kidneys  did  not  reveal  these  structures,  I 
determined  to  make  a  coinparifion  of  the  two  kidneys  of  some 
maimnal,  one  hardened  with  alcohol  and  the  other  with  ^me 
chromium  compound.  A  kitten  tliree  or  four  days  oid  was 
therefore  Ivilled  and  the  kidneys  inimediatelv  removed,  onehein;' 
divided  and  placed  in  stron;^;  alcohol,  and  the  other  treated  in  a 
similar  way  with  Muller*8  iluid,  a  solution  of  ammouium  chromate 
not  being  on  hand. 

The  kidney  of  the  kitten  at  this  age  presents  a  very  interesting 
functional  waking  up  "  (if  I  may  so  term  it)  from  within  ont- 
wards;  the  more  central  of  the  glomeruli  and  tnbales  being  fully 
developed  and  evidently  active,  while  the  more  peripheml  are 
still  quite  embryonic.  I  hope  to  consider  this  fhrther  at  an  early 
date. 

The  alcohol-hardened  kidney  was  first  examined  for  cUta: 
these  were  readily  found  in  the  more  active  portions  of  the  kid- 
ney where  the  lumen  of  the  tubule  was  sufficiently  large ;  the 

smallness  or  absence  of  the  lumen  in  the  more  distally  situated 
tubules  made  a  satisfactory  examination  impossible.  Fi^.  4 
represents  a  somewhat  longitudinal  section  of  a  convoluted  lubuie 
from  this  kidney,  the  plane  of  section  cutting  the  lumen  of  the 
tubule  at  tw  o  or  three  adjacent  points  in  the  course  of  the  latter. 
Ficf.  5,  to  which  I  desire  to  call  particular  attention,  repre^iuts  a 
section  passing  thronL''h  a  MalpTprhian  corpuscle  situnled  in  the 
zone  between  the  more  active  and  more  embryonic  portions  of 
the  kidney.  As  I  have  endeavored  to  represent,  the  plane  of 
section  passed  a  little  above  the  neck  of  the  capsule,  tliough 
nearly  parallel  to  it,  a  bit  of  the  capsule  thus  overhanging  ^e 
opening  into  the  neck.  The  capsule  is  lined  throughout  the 
greater  portion  of  its  extent  with  the  flattened  epithelium  usually 
described  as  characteristic  of  its  whole  surface,  bnt  aa  this  ap- 
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proacfaes  the  neck  it  paMes  rather  abruptly  into  a  caboidal  epithe- 
linm,  which  in  the  portion  outlying  the  overhanging  part  of  the 
capenle  above  referred  to  1b  plainly  seen  to  be  ciliated.  We  have 
here  cilia  within  the  capsule,  the  eitnation  in  the  mammal  re- 
calling that  figured  by  Bowman  {loc.  eii^  in  the  frog's  kidney, 
and  by  Ecker  {Icanu  Phytklogiec^  1851-9)  in  that  of  a  0nake 
(Tropidonotus). 

The  kidney  hardened  in  Muller's  flnid  showed  the  presence  of 
the  rod-like  bodies  of  Ileidenhain  distinctly,  though  not  eonspi- 
cuoubIv  ;  and  also,  tlioiiijh  not  as  clearly  as  in  the  catie  of  that 
hardened  in  alcohol,  the  cilia,  situated  in  BOiue  care>  upon  cells 
in  which  the  former  structure  could  i)G  detected,  in  others  upon 
those  in  which  it  was  not  demoTistrated.  T  am  not  prepared  to 
Btate  any  definite  conclusions  as  to  the  relation  between  the  two. 

The  cilia  in  the  human  kidney  are  from  3.5  to  5  /i.  in  length, 
in  the  kitten  somewhat  less :  they  are  exceedingly  fine  and  veiy 
numerous  and  closely  set ;  hence  the  great  difficnlty  of  their  re> 
Bolntion.  I  am  of  the  opinion  that  they  will  eventually  be 
demonstrated  in  the  kidneys  of  mammals  generally.  Where 
present  they  may  be  seen,  I  think,  withont  difficnlty  nnder  the 
following  conditions:  first,  the  material  shonld  be  perfectly 
fresh ;  the  kidneys  shonld  be  taken  from  the  body  of  the  animal 
in  question  immediately  after  killing  (in  the  case  of  the  human 
subject  within  a  very  few  hours  after  death)  and  speedily  harden- 
ed— preferably,  I  think,  with  alcohol — at  a  low  temperature ; 
second,  the  sections  employed  mnst  be  quite  thin ;  third,  they 
should  be  lightly  stained,  if  at  all,  and  hii!:h  colored  stuining- 
fiuids,  such  as  carmine  and  hai'matoxylin,  should  be  avoided; 
fourth,  they  should  be  mounted  in  glycerin;  after  one  is  familiar 
with  the  a]  pLHrance  of  the  cilia  they  can  be  recognized  in  balsam 
preparations,  but  with  considerable  dilhculty  ;  hnully,  the  ex- 
amination of  the  sections  should  be  made  with  objectives  of  high 
aperture :  high  amplification  is  not  so  important.  My  own 
examinations  have  been  chiefly  made  with  a  Zeiss  one-twelfth, 
but  in  part  also  with  a  Gundlach  one-eighth  and  a  Tollcs  one- 
sixth,  all  so-called  homogeneous-immersion  objectives;  after  be- 
coming familiar  with  my  sections  I  could  recognize  thib presence 
of  cilia  with  water-immersion  objectives  of  various  makers,  by  the 
detection  of  what  appeared  to  be  a  striated  layer  over  the  granu- 
lar cells  of  the  epithelium ;  no  dry  objective  that  I  have  used  has 
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proved  able  to  resolve  tiuB  layer"  even  into  distinct  striation, 
though  I  can  generally  recognize  its  nature  by  the  characterifitic 
diffiraction  color  that  is  produced. 

I  have  gone  at  length  into  the  conditionB  which  I  believe  to  be 
important  for  the  Bnccerafal  obaervation  of  eilia  in  mammalian 
kidneyB,  partly  with  the  hope  that  others  may  be  interested  in 
taking  up  the  search  in  this  direction,  and  partly  for  the  purpose 
of  throwing  light  upon  observations  already  made.  In  this  latter 
connection  I  wonld  mention  a  paper  in  VMuni^s  AreM/o  for 
Feb.  3, 1883,  by  S.  A.  Lebedeff  (Zur  Kmwtmsa  der  feinmrtn 
Verdnderungen  der  JVteren  hei  der  HaemoglMnaueeeheidung) ; 
the  "Btriated  border,"  figured  and  described  by  that  author  in 
coTiiKjctiuii  with  the  epitlieliuiii.  of  the  convoluted  tubule  in  the 
kiUiicj  of  tlie  clog,  presents  an  appearance  exceedingly  similar  to 
that  seen  when  a  layer  of  cilia  (clearly  shown  as  sucli  under  a 
h oiiiogeneous-iminersion  objective)  is  examined  with  a  good 
Wttter-inimersion  objective  of  moderate  aperture. 

The  general  distribution  of  ciliated  epithelium  throngliout  the 
convoluted  tubules  of  warm-  and  cold-blooded  vertebrates  alike, 
if  established,  would  indicate  a  corresponding  functional  im- 
portanea  The  snggestion  that  the  cilia  play  a  considerable  part 
in  the  propulsion  of  the  urine  toward  the  pelvis  of  the  kidney^  ia 
probably  the  most  reasonable. 

The  figures  in  the  plate  were  all  drawn  in  outline  with  the 
camera  ludda  upon  the  same  scale,  and  the  details  afterwards 
added.  They  represent,  aa  nearly  as  it  is  in  my  power  to  do  so, 
the  appearances  observed;  my  want  of  ddU  as  a  draughtsman 
and  my  lack  of  familiarity  with  the  peeuliai*  mode  of  drawing 
required  by  the  process  of  reproduction  employed  must  divide 
the  responsibility  for  all  obvious  defects.  The  eilia  are  periiape 
rendered  too  conspicuous  in  all  the  figures ;  this  is  certainly  the 
case  iu  i  ig.  J . 

DESCRIPTION  OF  PLATE  XXXVL 

Fio,  1.  Union  of  convoluted  tubule  (spiral  portion  of  Schschowa) 
with  the  descending  limb  of  Henle's  loop.  Man. 

FiQ.  2.  Cross  section  of  convoluted  tubule.  Maa 

Fio.  3.  liongitudinal  toction  of  convoluted  tubule.  Man. 

FiQ.  4  Longitudinal  section  of  convoluted  tubule.  Kitten. 

Fio.  5.  Malpighian  corpuscle^  showing  ciliated  epithelium  within 
the  capsule.  Kitten. 
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ON  THE  EFFECT  OF  VARIATIONS  OF  ARTE- 
RIAL PRESSURE  ON  THE  DURATION  OP 
THE  SYSTOLE  AND  THE  DIASTOLE  OP  THE 
HEART-BEAT.  By  WM.  H.  HOWELL,  A.  B.,  Fellow 
in  Biology,  and  J.  &  KLY,  Fh.  B.   With  Plate  XXX  VtL 

That  THriatioiis  of  arterial  pressure  liave  tio  direet  iufluence  on 
the  rate  of  beat  of  the  isolated  mammalian  heart  hm  been  clearly 
demonstrated  by  the  investigations  of  ProfeseorMartin  (^).  It  is 
poaeible,  however,  that  although  tlie  pulso-rate  in  any  given  time 
may  remain  unchanged,  still  the  duration  of  the  systole  or  of  the 
diastole  in  each  individual  heart-beat  may  be  altered,  according 
as  the  arterial  tension  is  increased  or  diminished.  A  shortening 
of  the  sjBtole,  for  instance,  might  be  eompensated  by  an  increase 
in  the  length  of  the  diastole,  or  vice  versa,  so  that  the  total  num- 
ber of  beats  in  a  given  period  wonld  be  unaffected;  just  as  in 
electrical  stimulation  of  the  heart,  when  a  systole  is  provoked 
before  the  completion  of  the  previons  diastole  there  is  a  compen* 
satory  increase  in  the  following  diastole,  the  pulse-rate  in  a  given 
time  remaining  the  same  Since  the  rate  of  beat  of  the  heart 
is  not  directly  affected  by  variations  of  arterial  pressure,  within 
limitB,  it  follows  that  any  chnn^je  in  the  duration  of  the  systole 
consequent  upon  a  change  iii  arterial  pressure  must  go  hand  in 
hand  with  an  inverse  change  in  the  duration  of  the  diastole.  The 
same  holds  true,  of  course,  for  any  change  in  the  length  of  the 
diastole. 

In  view  of  tlie  fact  that  alterations  in  the  time  relations  of  the 
heart-beat,  as  the  direct  resultof  changes  in  arterial  pressure,  might 
take  place,  although  the  pulse-rate  remained  the  same,  it  seemed 
well  to  snbmit  the  question  to  investigation,  especially  as  positive 
statements  with  regard  to  the  influence  of  greater  or  less  arterial 
resistance  upon  the  time  of  the  systole  or  diastole  are  not  nn* 
frequently  met  with  in  physiological  works.  Marey  (*)  conriders 
that  it  is  principally  the  diastolic  phase  of  the  heart-beat  which 
is  affected.  According  to  him,  when  an  increased  tesistaiice  is 
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opposed  to  tlic  heart,  although  the  length  of  the  systole  itself  may 
not  he  altered,  yet  the  followinor  diastole  will  be  of  greater  dura- 
tion in  order  that  the  heart  may  recover  from  the  excessive  efTort 
it  has  made.  Talma  ('),  on  the  contrary,  in  a  recent  article  makes 
the  statement  that  the  "duration  of  a  ventricular  systole  increases 
as  the  resistance  increases."  It  is  possible  that  in  a  heart  stOl  in 
connection  with  the  rest  of  the  body,  and  especially  the  central 
nervons  system,  the  duration  of  the  sjstole  may  be  indirectly 
influenced  by  changes  in  resistance,  bnt  we  hope  to  show  that  in 
a  heart  completely  isolated  from  extraneotzs  nervons  inflneaoes 
and  cut  oif  from  all  other  oigans  of  the  body,  except  the  Inng^ 
variations  of  arterial  pressure  alone,  within  wide  limits,  have  no 
direct  effect  npon  the  systole  and  diastole  with  regard  to  their 
time  relations. 

Onr  experimients  were  all  made  upon  thd  isolated  heart  of  the 
dog,  kept  alive  by  feeding  with  defibrinated  calf's  blood.  The 
method  of  isolating  tlte  heart  has  beeu  described  by  Pro fi^ssor  Mar- 
tin in  former  numbers  of  this  journal  (Vol.  II,  Nos.  1  and  2).  The 
method  used  by  us  is  the  same  in  principle,  although  very  much 
altered  in  many  of  its  details.  To  briefly  repeat  the  essential 
points  of  the  operation  :  the  animal,  tied  down  upon  a  dog  board, 
is  anesthetized  by  means  of  a  mixture  of  chloroform  and  ether, 
both  carotids  are  ligated  and  the  vagi  cut ;  the  top  of  the  sternum 
is  removed  and  the  internal  mammary  arteries  ligated;  artificial 
respiration  is,  of  course,  used  after  this  point  has  been  reached. 
As  quickly  as  possible  the  sides  of  the  thorax  are  cut  away,  a 
cannula  plsced  in  the  left  subclavian  artery,  the  right  snbdaTisn 
ligated  below  the  origin  of  the  vertebral,  and  the  superior  vena 
cava  and  asygos  vein  tied.  A  large  cannula  Is  then  plseed  in 
the  aorta  and  fastened  by  a  stout  ligature  just  below  tiie  oiigin 
of  the  left  subclavian ;  through  this  cannula  the  heart  pumps  ont 
its  blood  after  being  removed  to  the  warm  case.  A  large  glasi 
cannula  is  now  introduced  into  the  inferior  vena  cava  below  the 
diaphragm.  This  cannula  is  connected  by  rubber  tubing  irith  s 
JMariotte  flask  filled  with  defibrinated  and  filtered  calfs  Mood 
heated  to  37°  C.  The  air  in  the  tubing  and  cannula,  it  is  scarcely 
necessary  to  say,  is  replaced  by  blood  before  the  latter  is  placed  in 
the  vein.  The  warm  blood  is  now  allowed  to  run  into  the  heiut 
from  the  flabk  while  the  clamp  is  removed  Irom  the  ielt  subds^ 
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artery,  and  the  heart  permitted  to  pnmp  out  all  coagulahle  blood 
throngh  a  tube  connected  with  the  cannula.  Care  must  he  taken 
at  this  part  of  the  operation  to  keep  up  a  good  arterial  tcn&ion  by 
partially  chiinping  the  outflow  tubing.  The  coagulable  blood  is 
also  removed  from  the  aorta  through  the  cannula  c;(»nnected 
with  it.  When  all  of  the  dog's  own  blood  has  been  watched  out  of 
the  heart  and  lungs,  the  animal  is  transferred  to  the  ^varm  case. 
The  arrangements  hero  can  be  scarcely  understood  without  the 
aid  of  a  diagram.  In  papera  shortly  to  be  publih^lied,  embodying 
the  results  of  some  previous  work  by  Professor  Martin  and  others 
under  him,  the  details  of  the  apparatus  with  an  accompanying 
diagram  will  be  given.  It  is  sufficient  tosav  that  within  the  case 
are  two  large  Mariotte  flasks,  each  capable  of  holding  several 
litres  of  blood,  and  so  arranged  that  they  can  be  u<ed  alternately, 
the  heart,  when  receiving  blood  from  one  pumps  it  out 

tlirough  the  eannula  in  the  aorta  and  the  lung  rubber  tubing 
which  is  now  connected  with  it,  back  into  tlie  other  llaek,  so  that 
when  one  is  empty  the  other  is  ready  to  be  used.  The  tubing 
connected  with  the  aorta  extends  above  the  top  of  the  case,  and 
the  arterial  pressure  against  which  the  heart  works  can  easily  be 
varied  to  any  desired  extent  by  increasing  or  diminishing  the 
height  of  the  end  of  this  tube  abtive  the  heart.  The  exact  varia- 
tions in  arterial  pressure  thus  produced  are  given  b}-  a  mercury 
manometer  connected  with  the  cannula  in  the  left  subclavian 
artery.  The  pen  of  this  manometer  writes  upon  the  roll  of  paper 
of  the  kymograph,  and  from  its  tracings  the  palse-rat£  is  also 
obtained. 

The  essential  point  in  our  experiment.^  ^\ tu  register  accurate- 
ly the  duration  of  the  systole  and  the  diuBtule  of  the  heart  isolated 
in  this  way  and  exposed  to  varying  arterial  jiressures.  It  would 
have  been  a  comparatively  easy  matter  to  have  taken  tracings  of 
the  heart-beat  directly  by  means  of  levers,  after  the  method  em- 
ployed by  Ilolfa  and  Ludwig(*),  or  by  the  ajiplication  of  the  more 
simple  device  use<i  by  Baxt(').  But  it  seemed  questionable  to  us 
whether  sucli  methods  possess  sufficient  accuracy.  Outside  of  the 
complications  arising  from  tlie  possible  changes  in  position  of  the 
lever  on  the  heart's  surface,  or  from  changes  in  position  of  the 
heart  as  a  whole,  it  appears  very  uncertain  whether  or  not 
the  very  beginning  of  the  diastolic  relaxation  will  be  promptly 
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TegiBtend  by  sueh  inBtrnmeDts.  Owing  to  the  smallima  of  the 
dog^B  ventricle,  on  the  other  hand,  it  is  Boercelj  practicable  to 
introduce  an  ampnlla  into  the  heart  in  the  way  employed  by 
Ghanvean  and  Marej  Q)  for  the  hone. 

The  method  determined  upon,  and  which,  tt  seeme  to  as, 
leaves  but  little  to  be  desired  in  the  way  of  acenraey,  was  as 
follows.  After  the  operation  of  isolatbg  the  heart  was  finished, 
and  the  dog  had  been  transferred  to  the  case,  a  catheter  with 
terminal  and  side  openings  was  passed  down  the  snperlor  cava 
and  right  anricle  into  the  right  TOitricle^  and  fastened  firmly  in 
position  by  a  ligature  around  the  superior  cava.  The  oatlietor 
W8S  filled  beforehand  with  defibrinateii  blood.  Its  free  end  was 
connected  by  means  of  lead  tubing,  as  short  as  possible  and  filled 
with  0.6  per  cent  NaCl  solution,  with  an  ordinary  Fick  spring 
manometer.  The  arm  of  the  manometer  earrying  the  writing 
point,  had  all  vibrations  of  its  own,  arising  from  its  inertia,  damp- 
ened in  the  usual  way  by  a  carrier  immersed  in  oiL  The  tracinge 
were  taken  upon  the  blackened  paper  of  a  rapidly  revolving 
drnm-kymograph,  upon  which, immediately  under  the  msnometer 
pen,  a  tuning  fork  vibrating  fifty  times  a  second  was  likewise 
made  to  write.  The  accuracy  of  the  manometer  in  recording 
rapid  variations  of  pressure  was  tested  before  using  by  connecting 
it  with  a  small  rubber  bag,  filled  with  liquid,  whidi  could  be 
compressed  under  an  ordinary  telegraph  key,  the  beginning  and 
end  of  the  stroke  bdng  registered  by  an  electro-magnet.  The 
writing  point  of  the  manometer  did  not  move  in  a  straight  line, 
but  described  the  are  of  a  latge  circle.  When  the  height  of 
the  curve  was  small,  not  exceeding  ten  or  twelve  millimetres, 
this  arc  did  not  differ  appreciably  from  a  straight  line.  In  most 
cases,  however,  it  was  necessary  to  introduce  a  correction  for  this 
error.  The  correction  was  made  by  simply  allowing  the  pen  to 
describe  its  arc  upon  the  drum  when  stationary,  and  then 
measnring  the  displacement  from  the  vertical  for  any  given 
height.  The  diiference  was  added  to  or  subtracted  from  the 
recorded  time  of  the  systole,  according  as  the  displacement  was 
in  the  direction  of  the  movement  of  the  drum  or  opposed  to  it. 

In  every  case  but  one  the  tracings  were  taken  from  the  right 
ventricle,  owing  to  the  fact  that  a  catheter  can  be  introduced  into 
thiB  side  of  the  heart  with  great  ease  and  without  causing  any 
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injury.  We  made  several  attempts  to  place  a  catheter  in  the  left 
ventricle,  either  through  one  of  the  pnlmonarj  veius  or  through 
a  slit  in  the  left  auricular  appendage.  By  the  latter  method  it 
Is  neceflsarj  to  remove  the  pericardinm  and  to  expose  the  heart 
to  more  or  le?8  handling.  The  consequence  was  that'  it  never 
lived  well  for  any  length  of  time  after  the  operation.  By  the 
former  method  we  socceeded  in  obtaining  several  series  of  ob- 
servations, one  of  which  is  ^ven  in  the  following  table  (Experi- 
ment YII),  The  results  are  la  accord  with  Ihose  obtained  from 
the  right  heart  It  can  make  bnt  little  difference  from  which  of 
the  ventricles  the  tracings  are  taken,  since  the  complete  syn- 
chronism of  the  two  sides  of  the  heart,  when  beating  normally, 
Is  a  matter  abont  which  there  can  be  no  donbt 

In  making  an  observation  tracings  were  taken  simultaneously 
upon  the  drum  and  the  hirge  kymograph,  bc^nning  generally 
with  a  mean  arterial  pressure.  As  soon  as  one  tracing  was  fin- 
ished the  arterial  pressure  was  quickly  changed,  and  anotlier 
similar  tracing  taken.  So  that  the  heart  was  not  exposed  as  a 
rule  to  Jiny  giv(^n  arterial  pressure  for  more  than  one  or  tw<>  min- 
utes before  tlie  tracing  was  taken.  Three  or  four  such  tracings 
at  different  arterial  pressures,  forming  a  series  the  members  of 
which  were  comparable  amongst  themselvesi  were  taken  npon 
each  drum. 

Outside  of  the  variations  of  arterial  preasnre  the  only  condition 
which  was  liable  to  change  during  a  series  was  the  pnlse-rate. 
Any  change  in  pnlse-rate  would  produce  an  alteration  in  the  re- 
lations of  systole  and  diastole,  and  destroy  the  value  of  the  series. 
As  a  matter  of  fact  many  series  were  rejected  on  this  account 
Since,  however,  the  tracings  of  any  one  series  were  always  taken 
from  the  same  flask  of  blood»  the  temperature  and  therefore  the 
pulse-rate  remained  constont  in  the  majority  of  cases.  To  obtain 
the  duration  of  the  systole  and  the  diastole  at  each  arterial 
pressui-e,  vertical  lines  were  drawn  from  the  tuning-fork  curve  to 
the  beginning  and  end  of  the  heart-beat,  for  ten  successive  beats. 
The  time  of  each  systole  and  diastole  was  then  counted  out, 
the  average  taken,  and  the  necessary  correction  made  for  the 
arc  described  by  the  pen. 

Very  soon  after  tlio  commen foment  of  onr  work  a  difficulty 
presented  itself  in  determining  at  what  point  to  reckon  the  be- 
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ginning  of  a  systole.  In  some  heart-beats,  especially  tliose  in 
wliich  there  was  a  slow  pulse-rate,  tlie  ascending  limb  of  the  curve 
was  of  the  character  shown  in  Fig.  3.  Tlie  r>nrve  as  seen  in 
this  figure,  does  not  rise  from  the  base  line  with  iiniforni  rapidity; 
there  is  'at  the  beginning  of  the  wave  a  slow  rise,  which  later 
suddenly  increases  in  steepness.  It  seemed  to  us  that  the  pre- 
liminary rise  was  merely  the  indication  of  the  auricular  beat, 
and  that  the  systole  proper  of  the  yentricle  began  at  the  com- 
mencement  of  the  steep  and  sadden  asoent  of  the  wave.  So  long 
as  the  pnlse-rate  remains  the  same,  as  it  does  in  each  single  series 
of  observations,  and  the  arterial  pressure  is  not  lowered  below 
the  limit  at  which  the  heart  is  well  noarished,  it  really  makes  no 
difference  whether  the  systole  ia  counted  from  the  bottom  of  the 
wave  or  from  the  beginning  of  the  steep  rise,  as  far  as  the  effect 
of  arterial  pressnre  npon  the  time  relations  of  the  phases  of  the 
heart>beat  is  concerned,  since  the  difference  would  only  affect  the 
absolute  length  of  the  systole  and  not  its  comparative  relation  to 
the  lenj^th  of  the  diastole  at  ditlerent  arterial  pressures.  If  we 
wish  to  make  a  comparison  between  the  times  of  tJie  systole  witli 
different  pulse  rates,  then  it  becomes  necessary  to  settle  this 
point.  We  had  it  in  mind  to  go  on  to  the  effect  of  changes  of 
temperature  on  the  time  relations  of  systole  and  diastole,  and 
therefore  carried  out  several  experiments  for  the  purpose  of 
determiiiiiijjj  which  point  of  the  curve  indicates  the  actual  begin- 
ning of  the  ventricular  systole.  The  result  at  which  we  arrived  is 
that  the  iirst  shallow  rise  is  really  caused  by  the  aoricnlar  con- 
traction, and  in  counting  out  our  tracings  we  always  b^an  to 
reckon  the  systole  from  the  beginning  of  the  steep  rise.  So  that 
our  figures  indicate,  for  the  given  pulse  rates,  the  absolute  length 
of  the  systole  and  the  diastole  in  the  dog's  heart 

The  Experiment  which  we  made  to  determine  this  point  was 
to  take  simultaneous  tracings,  in  the  way  described,  from  both 
auricle  and  ventricle.  A  catheter  was  introduced  into  the  right 
auricle  through  the  superior  vena  cava,  and  into  the  left  yentriole 
through  a  slit  made  in  the  auricular  appendage ;  each  catheter 
was  connected  with  a  Fick  manometer.  It  was  necessary  to  make 
the  auricular  catheter  larger  and  to  connect  it  with  its  manometer 
by  means  of  wiiK-  lead  tubing,  in  order  to  obtain  distinct  auricular 
waves.  This  had  the  disadvantage  that  distinct  oscillations  of  the 
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large  column  of  water  took  place,  and  were  evident  in  the 
tracings,  though  this  was  of  little  consequence  for  the  qtiestion 
in  hand.  The  exact  position  of  the  catheters  in  the  heart  in 
theee,  as  in  all  the  other  experiments,  was  deterinined  by  post- 
mortem examinations.  It  was  not  possible  to  make  any  scries  of 
observations  at  different  arterial  pressures  with  catheters  in  both 
auricle  and  ventricle.  The  heart  was  usually  injured  to  such  an 
extent  by  the  operation  that  it  soon  became  too  weak  to  pump 
the  blood  to  any  considerable  height,  and  shortly  died.  Several 
BQch  experiments  were  made,  however,  in  which  the  heart  beat 
normally  for  some  length  of  time.  Fignre  4  gives  a  portion  of  a 
tracing  taken  in  this  way.  The  two  pens  in  this  case  were  un- 
fortunately not  writing  in  the  same  vertical  line  ;  the  pen  of  the 
manometer  connected  with  the  auricle,  giving  the  lower  of  the  two 
tracings  in  the  figure,  was  about  a  millimeter  in  advance  of  the 
other.  In  the  lower  curve,  given  by  the  auricular  manometer, 
it  18  seen  that  both  the  anricular  and  ventricular  contractions 
are  recorded.  By  comparing  it  with  the  upper  curve,  which  was 
givCT  by  the  manometer  connected  with  the  left  ventricle,  it  is 
very  evident  that  the  short  preliminary  rise  in  the  contraction 
wave  of  the  latter  is  synchronons  with  the  anricnlar  contraction 
as  given  in  the  former. 

From  this,  and  other  simultaneons  tracings  in  which  the  con- 
traction wave  was  of  a  different  form,  we  were  led  to  the  conclu- 
sion that  the  proper  systole  of  the  ventricle  begins  at  tbe  steep 
rise,  and  in  all  our  tracings,  as  we  have  said,  we  have  reckoned 
it  firom  this  point.  When  the  pulse-rate  is  rapid,  and  there  is  no 
appreciable  pause  after  the  diastolic  expansion, '  the  auricular 
wave  does  not  appear  in  the  ascending,  systolic  limb  of  the  wave, 
but  at  thejend  of  the  previous  diastolic  descent ;  the  systole  in 
such  cases  was  counted  from  the  beginning  of  the  wave. 

At  the  result  of  many  8erie9  of  ohwrvatifms,  most  of  which 
G,T€  given  in  the  foUovoi^  table,  we  are  able  to  siaU  that  varior 
Hons  of  arterial  j/resHiref  between  bOand  160  mm^.  of  mercury ^ 
ham  no  direct  influence  whatever  upon  the  duration  qf  the  systole 
or  the  diastole  <f  the  heo/rt  heat  in  the  dog. 

When  the  blood  pressure  sinks  so  low  that  the  proper  nutrition 
of  the  heart  is  prevented,  there  is  a  diminution  in  pulse  rate  and 
a  consequent  change  in  the  time  relations  of  the  systole  and 
diastole.   (See  £zp.  II,  Obe.  A^.) 
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Professor  Martin,  in  bib  work  on  the  effect  ot"  arterial  pressure 
on  tlie  pulse-rate,  placed  the  limit  to  which  arterial  pressure  could 
be  lowered  without  affecting  pulse-rate  at  about  20  mmB.  of 
mercury.  In  some  of  the  hearts  used  in  our  experiments  this 
effect  was  manifested  when  the  arterial  pressure  fell  to  80  mms. 
of  mercurj)  as  in  the  case  cited.  On  the  other  hand,  we  have  no 
doubt  that  the  arterial  preesure  might  be  raised  to  considerably 
more  than  160  mms.  of  mercury  without  affecting  the  time  of 
^Btole  or  diaatole.  In  one  obaer^atioD,  indeed,  the  arterial 
pressure  was  Increased  to  180  mms.  without  cansiiig any  change; 
the  series  as  a  whole  in  this  case  was  not  of  a  uniform  pulse  rate, 
and  hence  is  not  given  in  the  table.  The  numbers  given,  50  to 
160  mms.  of  mereuiy,  can  be  fairly  assumed  as  the  limit  of  prob- 
able variations  of  arterial  pressure  in  living  dogs  of  the  size  used 
in  the  experiments. 

In  the  table  given  below  the  pulse  rates  fbr  the  different  obser- 
vations cannot  be  taken  as  absolutely  correct.  The  pulse -rate 
on  the  kymograph  tracing  was  always  estimated,  as  nearly  as 
possible,  for  the  ten  seconds  during  which  the  druiii,  upon  which 
the  ventricular  tracings  were  taken,  was  revolving.  But  owing 
to  the  irregularity  of  the  tracing  of  a  mercury  manometer,  espe- 
cially when  the  kymograph  to  w4iich  it  is  attached  is  going 
rather  rapidly  and  shaking  tlie  Tiianometer  more  or  less,  errors  of 
half  a  beat  or  more  may  easily  be  made  in  counting  out.  When- 
ever the  difference  in  pulse-rate  was  greater  than  oue  beat  in  tea 
seconds  the  series  of  observations  was  rejected. 

A  consideration  of  the  table  will  show  that  only  in  rare  in- 
stances do  the» times  of  the  systoles  or  diastoles,  in  any  one  series 
of  observations,  differ  amongst  themselves  by  as  much  as  .01  of  a 
second.  And  of  the  cases  in  which  a  difference  as  great  as  this 
occurs,  it  sometimes  points  to  an  increased  lefigth  of  sj^tole  witli 
increased  arterial  resistance,  and  sometimes  the  reverse,  appear- 
ing to  indicate  that  the  difference  was  probably  owing  to  errors 
of  marking.  In  the  method  adopted  by  us  it  is  not  always  possible 
to  mark  witli  absolute  precision  the  beginning  or  end  of  the 
systole,  and  errors  of  .01  of  a  second  might  readily  be  made  in 
this  way.  In  some  forms  of  waves  no  such  difficulty  occurred,  and 
the  time  of  the  systole  or  of  the  diastole  for  the  ten  waves  counted 
out  remained  practically  identical,    in  other  forms  more  serious 
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OlMwatloii 

in 

Preware  in 
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10  Moonda. 

mm.  of  Hg. 

Srsloleinaeo. 

astolauiMO. 

A, 

81.5 

140 

.121 

.189 

A, 

31.5 

53 

.121 

.189 

L 

B, 

20.5 

06 

.133 

.193 

B, 

29.25 

140 

.121 

.197 

A, 

»4.5 

100 

.120 

.170 

A, 

85. 

159 

.191 

.166 

A, 

85. 

60 

.118 

.164 

A 

«f 

•VVJB 

MA 

IL 

B, 

33. 

106 

.127 

.179 

Bt 

83. 

149 

.187 

.170 

Bi 

89. 

60 

.188 

.177 

32  S 

105 

137 

174 

A, 

80J5 

101 

.160 

.170 

UL 

Ai 

160 

.163 

.170 

A. 

OK 
Oil 

.  iOV 

A, 

27.76 

100 

.112 

.252 

A, 

66 

.117 

Jd43 

A. 

28 

187 

lid 

289 

IV. 

A« 

88.75 

.116 

.988 

B, 

27. 

100 

.113 

.966 

27 

lid 

•wo 

B. 

91 

.119 

.861 

Ai 

9U.U 

lol 

.15o 

.lOo 

A, 

80.5 

OB 

.157 

.160 

A. 

81. 

145 

.157 

.168 

B, 

81.75 

101 

.146 

.163 

Oi.O 

.IVt 

B. 

81.6 

65 

147 

.169 

Qfi  OK 

4  Kit 

.107 

.17U 

c. 

29.6 

186 

.149 

.177 

c. 

29.5 

66 

.146 

.194 

VL 

A, 

23.3 

102 

.253 

.182 

A, 

23. 

136 

.246 

.183 

A, 

23. 

63 

.250 

.184 

XTTT 

A. 

24. 

99 

.133 

.251 

.146 

Catheter  in  } 

A, 

23.26 

134 

.248 

Left  Ventricle  ^ 

A, 

23. 

57 

.147 

.244 

A 

Ai 

.11.5 

1U4 

.1«0 

At 

o0.5 

o4 

ion 

.iVO 

Am 

80. 

158 

.188 

.196 

B, 

30.5 

107 

.182 

.195 

B, 

80. 

160 

.127 

.208 

B, 

80.25 

68 

.180 

.808 

0, 

30.6 

100 

.120 

.194 

c. 

30.75 

62 

.ISO 

.196 

c. 

30.6 

151 

.liiU 

.198 

o« 

80. 

68 

•189 

J06 
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differences  were  met.  In  these  eases  we  relied  upon  the  average 
to  correct  errors  in  conntiDg,  since  a  mistake  was  as  liable  to  be 
made  in  one  direction  as  the  otiier.  The  great  majority  of  ob- 
servations given  in  the  table  show  difierences  amongst  the  times 
of  the  systoles  or  diastoles  of  less  than  .01  of  a  second.  In  ex- 
periment  YIII^  in  which  the  pulse  rate  remained  constant 
throughout,  the  observations  of  each  series  are  comparable  not 
only  amongst  themeelves,  but  also  with  the  observations  €»f  the 
other  Berics. 

The  general  form  of  the  wave  of  ventricular  contraction  is 
shown  in  Fig.  i,  which  represents^  a  portion  of  tlie  tracinsrs  oi' 
Series  C,  Experiment  VUl.  The  figure  gives  the  actual  size  of 
the  tracing. 

The  form  of  the  curve  is  (juite  different  from  that  <:iven  by 
Buxt  for  the  dog,  but  very  similar  to  that  given  by  Holia  and 
Ludwig  for  the  same  animal.  Baxt's  curve  possesses  a  very 
square  top.  We  never  got  any  such  appearance  from  onr  hearts 
except  in  one  experiment,  in  which,  at  the  high  arterial  pressnre 
used,  the  heart  had  apparently  about  all  the  resistance  opposed  to 
it  which  it  could  overcome ;  an  example  of  the  curve  obtained  in 
this  instance  is  shown  in  Fig.  2.  As  a  general  rule  the  wave  of 
contraction  was  more  or  less  rounded  at  the  apex,  passing  with- 
out any  abrupt  break  from  the  systolic  ascent  to  the  diastolic 
descent,  even  at  the  hi^est  arterial  proesures.  That  the  apex  of 
the  cnrve  does  not  show  any  noticeable  continuation  in  contrao* 
tion,  may  possibly  be  owing  to  the  rapid  pulse-rate  which  foU 
lows  after  the  vagi  have  been  cut,  although  with  the  slowest 
pulse-rate  obtained,  about  130  beats  per  minute,  tlie  eharficter 
of  the  curve  in  this  respect  was  not  altered.  Any  such  curve 
that  given  by  huxi  seems  to  us  to  indicate  that  the  last  ])art  of  the 
systole  and  the  first  part  of  the  diaiitole  have  not  been  registered. 
Tliis  makes  but  little  diflbreuce  if  wo  define  the  duration  of  the 
syjitole,  as  Raxt  has  done,  as  the  period  extending  from  the  ri?e 
of  the  wave  until  it  as^ain  reaches  the  base  line,  and  limit  the 
diastole  to  that  period  known  as  the  heart  pause,  during  which 
the  ventricular  muscles  are  completely  relaxed.  According  to 
this  nomenclature  the  diastole  will  disappear  altogether  when  the 
pulse  rate  is  veiy  rapid.  Such  a  limitation  of  the  systole  is,  we 
think,  altogether  wrong.  The  systole  of  any  portion  of  the  heart. 
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u  MooiiB  lias  defined  it,  is  that  oondition  of  the  heart  in  which 
its  mneele  fibres  are  in  actton,  and  the  diastole,  therefore,  properly 
begins  at  the  eommencement  of  the  relaxation  of  the  mnsde 
fibres. 

When  the  arterial  preesnre  iB  lowered  to  sneh  an  extent  that 

the  nutrition  of  the  heart  probably  becomes  deficient,  a  slowing 
of  the  pulse-rate,  as  has  been  said,  is  the  result.  Togetlier  with 
this  slowing  of  the  pulse  the  systole  of  the  heart  is  diminished  in 
intensity  and  shortened  in  hn  ation,  while  the  diastole  becomes 
lengthened.  In  one  of  our  experiiueiits,  for  instance,  when  the 
arterial  j>re«Piire  was  lowered  troni  144  mms.  to  28  mms.  of  mer- 
cury, there  was  a  slowing  of  the  pulse-rute  from  29.25  beats  in 
ten  seconds  to  about  24  beats  in  ten  seconds,  while  the  duration 
of  the  systole  fell  from  .134  to  .095  of  a  second,  and  the  diastole 
was  increased  from  .207  to  .301  of  a  second.  With  a  heart  well 
nourished  onr  experiments,  as  far  as  they  go,  appear  to  indicate 
that  as  the  pnlse-rate  becomes  slower  the  time  of  both  systole  rmd 
diastole  is  increased,  though  not  in  the  same  proportion.  We 
have  not  sufficient  data,  however,  to  make  any  positive  statement 
upon  this  point.  The  relation  of  the  time  of  the  qratole  to  that 
of  the  whole  beat  varies  for  different  pulse-rates.  For  an  average 
pulse-rate  of  180  per  minute,  the  average  duration  of  the  systole, 
according  to  our  experimimts,  is  about  40  per  cent,  or  two-fifths  of 
the  whole  time  of  the  beat. 

EXPLANATION  OF  PLATE  XXXVIL 

The  figures  give  the  actual  size  of  the  tracings  obtained. 

Fig.  1.  A  portion  of  Series  0,  Experiment  VIII,  showing  tracings 
at  different  arterial  pressures.  The  correction  for  the  arc  described 
by  the  pen,  .015  of  a  second  for  Ci,  C»,  and  C4,  and  .02  of  a  second 
for  Cs,  is  to  be  added  to  the  systoles  and  subtracted  from  the  diastolss. 

Fio.  2.  Shows  the  square- topped  waves  obtained  in  one  of  the  ex* 
penmen ts  when  !i  high  arterial  pressure  was  used. 

Fio.  3.  Showing  the  auricular  oontraotiou  at  the  beginning  of  the 
ventricular  wave. 

Fio.  4.  Simultaneous  tracings  from  the  right  auricle  and  left  ven- 
tricle. The  lower  curve  is  from  the  manometer  connected  with  the 
Auride  and  is  to  be  moved  to  the  left  a  distance  of  1  mm*  The  con- 
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traction  of  the  right  Tentriole  as  well  as  of  the  right  auricle  is  regis- 
tered hy  the  numometor.  The  upper  cnrre  is  from  the  manometer 
coDnected  with  the  left  ▼entriole.  The  tuning-fork  curve  marks 
hundredths  of  a  second. 
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ERRORS  IN  PLATE. 

Fig.  L  C«»  4th  systole  from  the  lefti»  instead  of  .10  of  a  second 
should  he  .11  of  a  second. 

Cfl»  1st  and  2d  systoles  from  the  left,  instead  of  .10  of  a  second 
should  be  .116  of  a  second. 

5th  systole  from  the  left,  instead  of  .10  of  a  second  should  be  .11 
of  a  second. 

Oi,  Sd  systole  from  the  left^  instead  of  .10  of  a  second  should  be 
.11  of  a  second. 

The  plate  was  drawn  from  the  original  tracings,  but  two  attempts 
of  tiie  printer  have  &Ued  to  get  thechronographic  tracings  correctly 
transcribed. 
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NOTES  ON  THE  MEDUSAE  OF  BEAUFORT,  N.  C. 

Part  II.'  By  W.  K.  BKOOKS,  Associate  Professor  of  Biology, 
Johns  Hopkins  University. 

Tn&BiTOPSis  I^uT&iouLA  (McOrady). 

Oceania  nutri&ida  (McCrady).  Modeeria  imtltitentacula 
(Fewkes).  Modeeria  nutricula  (Fewkesj.  Turritop^U  nuVrir 
coin  (llaeekel). 

This  is  one  of  the  ino^t  abundant  medusae  at  Beaufort  during 
the  eunnner  months,  and  I  hnvr  lu  on  able  to  verify  the  extreme 
accuraey  of  McCrady's  graplii  -  .k count  of  the  structure  itid 
habits  of  tlic  adult.  The  hirva  is  pro]>ablya  deep-water  Ibrni, 
as  it  was  found  only  oace,  notwithstanding  the  abundance  of  the 
meduaa. 

The  La/ma. — ^The  only  colony  of  the  hydra  wliich  I  obtained 
waB  flcraped  Irom  the  piles  of  the  steamboat  wharf  at  Morehead 
City,  aerea  or  eight  feet  be]ow  low-tide  mark.  It  lived  for  two 
weekB  in  the  house,  and  Mt  free  great  nUQibera  of  hardy  medusae, 
which  were  reared  without  difficulty.  The  upright  stems,  from 
one^third  of  an  inch  to  half  .an  inch  high,  bore  laige  terminal 
hjdranths,  as  well  as  smaller  ones  scattered  irregularly  along 
the  stem  on  short  stalks.  The  long  fusiform  body  of  the  hydranth 
carries  from  eighteen  to  twenty  thick,  short  filiform  tentacles, 
which  are  arranged  in  three  or  more  indefinite  whorls.  The 
medusa  buds  grow  around  the  stem  just  below  the  hydranth, 
and  are  carried  on  eliort  interns.  Tlie  perisarc  is  not  annulated, 
and  it  forms  a  loose  evlindrical  sheath  around  the  main  stem 
and  the  ishort  branches  which  carry  the  lat^eral  liydranths  and  the 
young  medusae,  while  the  latter  are  closely  invested  by  a  thin 
capsule  of  perisarc.  The  sheath  on  the  ?iteTtis  is  thick  find  crusted 
with  foreign  matter,  ft  ternnnates  abruptly  by  a  sharp  collar 
just  below  each  hydranth.  The  young  hydranths  and  medusae 
are  budded  off  at  this  point,  but  soon  become  entirely  sheathed  in 

'  Fur  part  1,  eee  this  Jourunl,  Vol.  11,  p.  liJ5. 
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perisarc  by  the  growth  of  the  Btem.  Tlie  pale  yellowish-red 
hydranths  are  very  similar  to  those  of  Tiihiclavfi  (Allinan.) 

Metarruyrphosia  of  (hr  ^fedusa. —  The  little  medTiPM  remains 
attaehed  to  the  stem  for  some  time  after  the  rupture  of  the 
eheath  of  perisarc.  At  this  time  it  is  nearly  spherical,  and 
covered  with  large  conspicuous  ectoderm  cells.  Its  eight  short 
tentacles  are  thrown  backwards  in  contact  with  the  outer  surface 
of  the  bell,  and  their  tips  are  hooked  or  bent  upon  themselves- 
This  pofiition  of  the  tentacle  renders  the  balb  at  the  baae,  with  its 
ocellus,  very  prominent 

The  medusa,  when  set  free,  has  eight  tentacles,  a  thin  globular 
bdl,  and  a  short  simple  proboscis.  When  swimming  the  tentacles 
are  bent  into  hooks  and  thrown  back  against  the  ombrella,  which 
is  lengthened  and  emarginated  during  each  contraction.  When 
at  rest  the  height  of  the  nmbrella  is  abont  eqnal  to  its  diameteri 
and  it  forma  a  spherical  segment  almost  eqnal  to  a  sphere.  The 
tentacles  are  capable  of  extension  to  a  length  eqnal  to  abont 
twice  the  diameter  of  the  umbrella,  and  when  the  animal  is  at 
rest  they  are  stretched  out  almost  horisontallj,  and  the  distal 
half  is  bent  downward  a  little,  forming  an  obtnse  angle  near  the 
middle  of  the  tentacle.  The  interradial  tentacles  lie  nearly  in 
the  plane  of  the  bell-niargin,  and  the  perradial  tentacles  a  little 
lower.  The  tips  of  the  extended  tentacles  are  slightly  dayate, 
with  a  spot  of  dark  orange  pigment  The  length  of  the  pro- 
boscis is  abont  two-thirds  the  height  of  the  nmbrella,  and  its 
npper  and  lower  ends  are  smaller  than  the  middle.  The 
month  is  simple,  and  the  endoderm  of  the  oral  end  of  the  pro- 
boscis is  very  thin,  but  just  below  the  constriction  at  the  aboral 
end  it  becomes  very  thick ;  the  thickened  area  arching  outwards 
on  to  the  sub  uiiibrelliir  surfaces  of  the  radiating  tubes. 

This  thickening  of  the  endodenii  cells  of  the  aboral  end  of  the 
stomach  is  characteristic  of  Turritopsis;  and  in  a  specimen  a 
week  old,  the  whole  upper  half  of  the  proboscis  is  filled  by  four 
great  i misses  of  very  large  endoderm  cells,  which  meet  in  the 
central  axis  and  run  ont  for  some  distance  into  the  radiating 
tubes.  The  singular  structure  which  is  thus  formed  has  been 
de6cribi  (]  by  various  authors  as  a  peduncle,  bnt  it  is  nut  at  all 
the  same  as  the  gelatinons  projection  from  the  substance  of  the 
nmbrella  which,  in  many  medus&e,  hangs  down  into  the  stomach. 


Digitized  by  Google 


MEDUSAE  OF  BEAUFORT,  C, 


As  the  rnednsa  grows  the  proximal  ends  of  the  radiating  tubes 
are  drawn  down  into  the  cavity  of  the  nmbrella,  until,  in  speci- 
mens two  weeks  old,  the  stoinacii  -ur-pended  some  diBtance 
bf?l(i\v  the  snb-iniibrella,  by  a  tran&parerit  mass  of  hirge  cells, 
meetinir  in  th)  rrntral  axis  and  i  t  rforated  by  the  four  tubes.  In 
the  adult  this  body  almost  entirely  lills  the  upper  half  of  the 
nmbrella-cavitv.  Tn  a  medusa  a  week  old  t!ie  oral  lobes  have 
appeared,  and  are  fringed  l>y  t)ic  large  ])rojecting  lasso-cells 
-which  have  been  noticed  by  McGrady  and  others.  At  about 
this  time  the  reproductive  organs  make  their  appearance  on  the 
probosciB  at  the  lower  ends  of  the  masBes  of  endoderm  cells.  The 
tentacles  are  still  only  eight,  and  no  more  were  developed  in  the 
medusae  which  I  reared  from  the  larva,  but  I  captured  many 
epedmens  in  the  same  stage  and  at  aU  the  following  stages  np 
to  maturity. 

In  specimens  from  a  week  to  two  weeks  old  the  lower  surface 
of  the  yeiy  wide  velum  is  pushed  out  to  form  eight  hemispherical 
pouches ;  four  of  them  perradial  and  four  interradiali  in  the  planes 
of  the  eight  tentacles.  These  pouches  project  so  that  they  are 
visible  in  a  profile  view  below  the  free  edge  of  the  umbrella. 

CuNiNA  OoTONAKLA  (McCrady). 

McOrady^s  remarkable  discovery  that  the  young  of  this  species 
exists  as  a  parasite  within  the  bell  of  Turritopsis,  a  medusa 
belonging  to  a  totally  difierent  group,  is  of  so  much  interest  that 
I  was  well  pleased  to  have  an  opportunity  to  verify  it  at  Beaufort 
during  August  and  September,  1882.  Since  McOrady's  paper 
was  published  no  one  has  succeeded  in  rediscovering  theee  larvae, 
and  as  both  Cunina  and  Turritopsis  occur  at  Beaufort,  the  latter 
in  considerable  numbers,  I  had  kept  a  sharp  watch  for  them  for 
nearly  three  yean  before  I  found  them.  Near  the  end  of  July, 
1883,  I  found  a  single  specimen  of  Turritopsis  filled  with  the 
larvae,  and  from  this  time  until  the  end  of  the  season  they  could 
be  obtained  in  great  abundance.  1  was  tlierefore  able  to  verify 
McCrady's  accurate  account  of  the  nicramorphosis,  and  to  add 
a  number  of  new  points  which  1  liope  to  publish  six^n  in  an 
illustrated  paper. 
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NxMOFfiiB  Baohbi  (L»  Agasau). 

Nemopfiis  Gihhimi  (^IcCrady). 

This  medusae  [uiru  eoiiijuou  at  Beaufort  during  the  spring 
and  early  summer  moiitliB,  and  specimens  were  found  at  all  stages 
of  growth.  There  does  not  seem  to  bo  any  reason  to  donht  its 
identity  with  the  northern  f(»r!n,and  Agassiz'  specilic  name  must 
therefore  be  retained  in  place  of  McCrady's  name. 

The  Lar^m. —  Most  writers  upon  the  subject  have  questioned 
the  relationship  betw^een  the  floating  hydroid  found  and  described 
by  McCrady,  and  Nemopsis,  and  my  observations  show  that  the 
medusa  ie  derived  from  a  fixed  hydroid  closely  related  to  ^tm- 
ganvilhia  and  Endmdrium. 

On  May  29th,  1882,  the  dredge  brought  up  from  about  twelve 
feet  of  water  in  Nowj>ort  river,  a  piece  of  decayed  wood  covered 
with  a  small  Endendrium-iike  hydroid  about  an  inch  liitrh. 
Each  main  stem  gave  rise  to  three  or  four  short  alternating 
branches,  and  these,  m  well  as  the  main  stem,  ended  in  hydrantha, 
which  were  sliarply  separated  from  the  stem  by  a  fold  or  collar. 
The  thin  transparent  horny  ectosarc  extended  rilrno?t  but  not 
quite  up  to  tliis  fold,  and  there  were  two  or  three  irregular 
annulatioTiR  on  each  side  branch  close  to  the  main  stem.  The 
hydranth  carries  twenty-four  long  slender  tentacles,  with  their 
proximal  ends  in  a  single  circlet,  but  with  their  tips  bent  alter- 
nately backwards  and  forwards,  thus  forming  two  (ri relets.  The 
very  extensible  funnel-shaped  proboscis  is  sharply  distinifuisbed 
from  the  body  of  the  hydrantli,  and  the  hydra  therefore  reseiiil>lL'S 
Endendrlnm^  as  described  by  Allmaa,  more  than  it  does  Jiovr- 
gaiLvUleia  in  this  particular. 

The  six  or  eight  medusa  buds  are  arranged  in  a  ring  around 
the  body  of  the  hydranth,  about  midway  between  the  bases  of 
the  tentacles  and  the  proximal  end  of  the  body.  The  various 
medusae  in  this  ring  are  in  dilferent  stages  of  growth,  and  only 
one  is  usually  set  free  at  a  time.  The  terminal  hydranths  and 
those  near  the  end  of  the  main  stem  have  no  medusa  budB|  aa 
these  seem  to  be  developed  only  upon  the  older  hydranths. 

The  MetamorpJwaia  of  the  Medusa. — The  medusa  is  very 
small  when  set  free,  and  it  is  flattened  and  folded  together  so 
that  the  proboscis  projects  out  of  the  umbrella.  In  half  an  hour 
or  an  hour  it  expands  and  begins  to  swim.   It  is  then  about  two 
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one-hxindredths  of  an  inch  high,  and  the  diaineter  i&  a  little  less 
than  the  height.  The  ]>robosei8  is  sliort  and  simple,  without  oral 
tentacles,  and  the  unihreihi  is  about  as  thick  at  it^  sides  as  it  is 
in  the  oral  axis.  Most  of  the  specimens  had  four  perradial 
tentacles— one  at  the  end  of  eacli  radiating  tube.  In  others 
there  were  biz  tentacles,  arranged  in  this  way,  and  in  these 

3.2 


1.- 


-1. 


S.8 

the  tentacles  1. 1.  were  mnch  larger  than  those  marked  2.  2., 

and  these  agrain  larger  than  3.  3. — the  hitter  being  very  small 

transparent  Inids  in  most  specimens.  Tlie  order  of  appearance 
of  the  tentacles  varies  considerably.  In  one  medusa,  twenty- 
five  one- thousandths  of  an  inch  in  diameter,  they  were  like  this — 

a2.4. 


4.2.3 


Na  1  being  larger  than  No.  2,  this  again  larger  than  No.  3, 
while  No.  4  was  a  very  small  bud. 

In  another  speeimen  of  the  same  size  they  bad  the  arrange- 
ment shown  in  this  diagram — No.  1  being  in  each  case  larger 


1.2. 


1." 


1. 


2 


1. 
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than  No.  2,  and  more  directly  in  the  line  of  the  radiating  tube. 
In  thiB  Bpecimen,  twelve  days  later,  after  it  had  grown  to  • 
diameter  of  foor  one-himdredthB  of  an  inch,  the  amngement  was 
like  thi%  with  an  ooeUna  in  1  and  2.  At  tluB  Btage  all  £rar  teo- 

4.2. 1.3. 

3.  4 

1.  *. 

%  1. 

4.  8. 

8.1.2.4 

taclee  in  eacli  cluster  were  of  about  the  same  size ;  but  in  a 
younger  Bpecimen,  which  was  taken  with  the  tow-net  on  May  9th, 
and  wliich  was  three  one-liundredths  of  an  inch  in  diameter,  No. 
4  in  each  bunch  was  a  email  transparent  bud.  The  oral  ten- 
tacles appear  when  the  medusa  is  about  three  one-htindredths  of 
an  inch  in  diameter.  They  are  simple  at  first,  but  they  soon  be- 
come forked  at  their  tips,  and  each  of  these  forks  becomes  forked 
in  tlie  same  way,  and  so  on.  It  is  hardly  possible  to  give  a  clear 
account  of  the  changes  in  tlie  shape  and  ontline  of  the  umbrella 
without  figures,  but  I  am  sure  that,*when  my  figures  are  pub- 
lished, they  will  prove  the  specific  identity  of  the  northern  with 
the  Bonthem  form. 

Fnottna  Qibbosa  (McCrady). 

Eiren/e  gUibota  (L.  Agaaaiz).  Irene  gUdboea  (Haeekel). 

Ab  all  the  other  speciee  of  Irene  have  marginal  dni,  the  ab- 
eence  of  these  BtroctureB  in  this  form  eeemB  to  jnati^  the  retention 
of  MoOrady's  generic  name.  It  is  a  yeiy  rare  mednaa,  and 
McCrady  givoB  no  figure  of  it,  although  I  have  in  my  poBseewon 
a  Bketeh  made  by  him  from  memory.  The  oocnnence  of  the 
meduBa  has  never  been  noted  by  any  one  except  McCrady. 
SpeeimenB  were  oocaaionally  met  with  at  Beaufort  during  the 
summer  months,  and  I  had  therefore  been  able  to  aeenre  a 
pretty  complete  series  of  tiie  older  stages,  when,  in  September, 
1882, 1  obtained  the  hydra  stage  in  great  abundance^  and  reared 
frem  it  hundreds  of  young  medusae. 
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T^s  Larf'a. — On  September  19th,  18^*2,  quantities  of  stems  of 
Aglaophenia  were  torn  up  by  a  f^ale  and  thrown  upon  the  beach 
at  Fort  Macon.  Attached  to  these  stems  were  epecimens  of  a 
peenliar  campanularian  hydroid.  A  long  slender  hydrorhiza 
TUDB  along  the  stem  of  Aglaophenia,  and  gives  rise,  at  pretty 
regular  intervals,  to  short  annulated  branches,  some  of  which 
terminate  in  hydranths  and  others  in  reproductive  calidee, 
which  do  not  differ  very  greatly  from  the  hydrothecac  cither  in 
size  or  in  shape.  The  hydrothecac  are  trnmpet-ahaped,  slightly 
curved,  and  they  taper  gradually  from  the  base,  which  is  no 
laiger  than  the  short  stem,  to  the  wide,  flaring,  reflected  open- 
ing.  The  hydranth  has  a  long  slender  body  and  abont  twelve 
tentacles»  widi  rings  of  lasso-cells. 

The  gonotheea  is  very  similar  to  the  hydrotheca  in  sise  and 
shape,  as  well  as  in  its  position  npon  the  stem.  The  chief  differ- 
ences are  that  the  gonotheea  tapers  somewhat  more  gradually 
towards  the  stem  Uian  the  hydrotheea,  the  annnlations  ran 
np  it  for  half  its  length  or  more,  and  its  distal  end  is  less 
flaring.  The  blastoetyle  runs  along  one  side  of  it,  to  terminate 
in  a  dab-shaped  tip  or  mannbrinm,  and  medosa  buds  are  placed 
along  one  side  of  it.  There  are  only  three  or  four  of  these,  in- 
creasing in  size  from  the  base  to  the  fVee  end. 

The  MeUmorphans  of  the  Medttea. — Only  one  medusa 
escapes  at  a  time — the  largest  one  nearest  the  distal  end  of  the 
blastoetyle — and,  as  soon  as  it  is  set  0ree,  it  expands  or  unfolds 
80  as  to  become  about  as  long  as  the  entire  gonophore. 

Aa  soon  as  the  hydroids  were  captured  each  specimen  was 
placed,  alone,  in  a  tumbler  of  sea-water,  and,  when  the  labora- 
tory was  reached,  each  tumliU  r  was  found  to  contain  hundreds 
of  swimming;  medusae.  These  were  carefully  picked  out  witli  a 
dipping  tube,  and  the  hydroids  were  then  placed  in  larger 
aquaria,  where  they  lived  for  nine  days  and  continued  to  throw 
off  medusae,  althoui^h  the  numf)er  set  free  dailv  was  very  much 
li  s>  than  the  number  set  free  within  a  few  minutes  after  the 
specimens  were  found.  The  rarity  of  the  adult  medusa  stands  in 
marked  contract  with  the  hardy  and  prolific  nature  of  the  larva, 
and  as  the  latter  were  found  on  this  occasion  in  great  abundance, 
I  conclude  that  its  proper  home  must  be  at  some  distance  from 
the  shore,  and  that  the  stems  of  Aglaophenia  upon  which  they 
were  found  had  been  torn  up  from  deep  water. 
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When  set  free  the  ex-umbrella  of  the  medusa  is  regularly 
curved,  and  its  height  is  a  little  greater  thaii  its  diameter.  The 
8ub-umbrella,  on  the  other  hand,  is  bent  upon  itself  about  half 
way  up,  at  an  obtuse  angle,  and  the  lower  or  free  half  of  the  um- 
brella is  about  twice  as  thick  as  the  upper  half.  The  proboscis 
is  very  short  and  is  divided  into  two  {x^rtions — an  upper  fiat 
division  which  runs  out  along  the  radiuting  tulies  fOr  about  one- 
sixth  of  their  length,  and  a  pendant  portion  of  about  one-tifth 
the  height  of  the  umbrella,  and  folded  into  four  oral  lobes. 
There  are  no  traces  of  marginal  sense  organs  at  tliis  stage,  and 
the  arrangement  of  the  tentacles,  in  all  mjr  specimeuBy  was  some* 
what  peculiar,  as  shown  in  the  diagram. 

There  are  four  perradial  tentacles,  of  g 
which  one  (3)  ie  very  much  smaller  than  4 
the  others,  and  consists,  in  some  specimens,  ^ 

of  a  bulb  only,  the  lash  being  undeveloped.  ^  

Opposite  this  is  a  somewhat  lai^r  tentacle 
(2),  with  a  abort  lash.  The  two  remaining 
perradial  tentacles  (11)  are  fully  developed  4 
and  alike.  Their  laahea  are  very  slender 
and  delicatOi  and  may  be  thrown  out  to  two  or 'three  times  the 
diameter  of  the  bnlb.  Between  these  fonr  pemulial  tentacles  four 
interradial  tentacles  (4  4  4  4)  are  reprssented  by  bulbs  without 
lashes.  In  one  of  the  quadrants  there  are  two  small  protnb6^ 
ances  fW>m  the  wall  of  the  cirenlar  tube — ^the  adradial  tentacles 
(5  5).  They  are  placed  midway  between  the  perradial  and  inte^ 
radial  tentacles,  and  there  are  no  traces  of  them  in  the  other 
three  quadrants.  At  tliis  time  there  are  no  otocysts,  and  lateral 
drri  are  totally  absent  at  this  stage,  as  they  are  at  all  later 
stages. 

At  the  end  of  the  first  eighteen  hours  the  shape  of  the  medusa 
has  changed  completely.   When  contracted  in  swimming,  its 

height  is  nearly  equal  to  its  diameter ;  but  when  it  is  at  rest  the 
diameter  is  abont  twice  the  height,  so  that  it  is  no  longer 
globular  but  saucer-shaped.  The  upper  half  of  the  umbrella  iuts 
begun  to  thicken  to  form  tlie  peduncle,  and  it  is  now  alxmt  as 
thick  as  the  lower  half,  except  at  the  angle  in  the  sub-umbrella, 
where  it  is  still  thin.  The  four  perradial  tentacles  are  all  fur- 
nished with  lashes,  but  these  are  still  absent  in  the  interradial 
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tentaolcs,  althoufrli  these  have  ^rowu  larger.  There  are  now 
two  suiradiul  thi<!keniiiL'H  of  the  circuhir  tiihe  in  fta<*h  quadrant. 

In  a  Bpecinien  one-lburth  of  an  inch  in  diameter  tiiere  arc  Bix- 
teen  fully-developed  tentacles  and  sixteen  thicken in^g  of  tlie  eir- 
cnlar  tabOi  witliout  lashes.  The  four  perradial  tentaeleB  and 
ibe  four  interradials  are  eqnal  and  similar,  while  the  eight 
primaiy  adradials  are  somewhat  smaller.  There  is  an  otocyst 
with  (me  otolith  on  each  aide  of  the  base  of  each  tentacle,  making 
thirty-two  in  all. 

In  a  spodmen  two-thirds  of  an  inch  in  diameter  there  are  forty 
tentaclee,  and  aizty  in  one  an  inch  wide. 

AiEPHnntKA  ApfOATDK  (Haeokel). 

Saphenia  apieata  (McCrady).  SUmotooa  apiocUa  (L.  Agaa- 
siz).   Stomatoca  apieata  (Fewkes). 

Thia  medusa  is  not  very  common  at  Beanfort^  although 
Bpedmens  are  found  oocaBionally  all  through  the  summer.  The 
atmctnre  of  the  adult  has  been  well  described  by  McOrady  and 
FewkeS)  and  I  have  little  to  add  td  tbeir  accounts. 

The  Zarva.-^The  hydra  stage  was  found  on  three  occasions  at 
Beaufort  between  July  5th  and  July  11th,  188S«  on  the  lower 
surface  of  the  shell  of  the  living  Limutnu^  fastened  to  the  sand- 
tubes  of  SdbdlaTia,  It  is  a  PetigonovMta  very  much  like  P. 
nUnuku  (AUman).  The  simple  unbranched  slender  upright 
stems  are  from  eight  one-hundredths  to  one-tenth  of  an  inch 
high,  and  their  bases  are  encaaed  in  the  sand-tubes  of  the  anne- 
lid so  that  the  presence  of  a  creeping  stolon  could  not  be  ob- 
served. The  flexible  stem  is  ooveored  for  one-half  or  two-thirds 
its  length  by  a  delicate,  closely  adherent  film  of  perisarc,  to 
which  foreign  particles  are  attached.  The  stomach  occupies 
about  one-fourth  or  one-fifth  the  total  length  of  the  stem,  from 
which  it  is  separated  by  a  slight  constriction.  There  were  ten 
tentacles  in  each  of  the  thirty  or  forty  (^peeinienB  which  1 
eiuiiuned,  and,  wlien  fully  extended,  they  point  alternately 
backwardp  and  forwards — those  pointing  forwards  being  a  little 
longer  than  the  others.  The  meduBae  are  attached  by  very  bhort 
peduncles  along  the  stems,  but  as  jiiost  of  them  were  set  free 
before  the  Bpeciinens  could  be  examined,  the  mode  of  attachment 
could  not  be  carefully  studied. 
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Each  colony  of  larvae  was  placed  by  itself  in  a  hotfle  of  ^ea- 
"water  «non  as  it  was  found,  and,  when  tlie  laborHtorv  was 
re;u  hf'l,  t  ach  bottle  was  fonnd  to  contain  hundreds  of  minute 
but  very  active  medus^ae.  They  proved  to  be  quite  liardy  and 
lived  for  more  than  a  week  in  aquaria,  altlioufjh  the  great  length 
and  delicacy  of  the  tentacles  caused  great  difficulty  in  rearing 
them,  as  the  tentacles  became  entangled  with  each  other  and 
with  the  sideB  of  the  jar^ao  that  the  medusae  oonld  not  be  drawn 
into  a  dipping  tube  without  injury,  and  many  were  destroyed 
each  time  the  water  was  renewed. 

MetamorphoHe  of  the  Medum* — When  the  medusa  is  set  free 
there  is  no  trace  of  the  apical  process,  wliich  is  not  a  larval 
structure,  but  an  ailult  characteristic.  The  bnib  is  aboot  twice 
as  high  as  wide — the  height  being  about  twenty^five  thousandths 
and  the  diameter  about  thirteen  thousandths  of  an  ineb.  The 
wall  of  the  umbrella  is  thin,  and  its  surfaces  are  nearly  concen- 
tric and  regularly  curved*  The  proboscis  hangs  down  to  about 
one-half  the  height  of  the  umbrella  cavity,  and  ends  in  a  circniar 
mouth.  The  stomach  is  a  little  enlarged  at  its  base,  where  it 
joins  the  radiating  tubes.  There  are  two  tentacles  with  large 
bulbs,  faintly  tinged  with  pale  orange.  The  long  delicate  lash 
springs  abruptly  from  the  bulb,  and  its  base  is  very  little  laiger 
than  its  tip.  Immediately  after  the  medusa  is  liberated  the 
length  of  the  tentacle  is  four  or  five  times  the  height  of  the  nm> 
brella.  Alternating  with  the  two  opposite  tentacles  there  are 
two  small  pigmented  perradial  bulbs  without  lashes. 

In  a  medusa  three  days  old  and  thirty-live  one-thousandths  of 
an  inch  high,  the  apical  process  is  present  as  a  short,  solid, 
rounded  projection  from  the  aboral  poh\  The  tentacles  are  from 
ten  to  twenty  times  as  long  as  the  height  of  the  bulb,  and  tour 
pigmented  interradial  enlargements  of  the  wall  of  the  circular 
tube  have  appeared  midway  between  the  four  perradial  bulbs. 
The  length  of  the  proboscis  is  now  a  little  more  than  half  the 
height  of  the  sub-umbrella. 

When  five  days  old  the  medusa  begins  to  assume  the  julnlt 
form.  The  apical  process  ltows  rapidly,  and  beconies  pointed  or 
conical,  tlie  lower  or  free  half  of  the  umbreila  becomes  thicker 
than  the  upper  halt  u])on  wln'ch  it  is  bent  at  an  angle.  The  tour 
oral  folds  have  appeared,  and  the  upper  end  of  the  proboscis  ia 
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slightly  enlarged,  probably  by  the  growth  of  the  sexual  elomentB. 
The  tentacle  tapers  more  |(nulaally  at  the  bnlb,  and  the  lashes 
aod  muginal  enlargementB  are  relatively  a  little  laiger  than 
they  were  at  an  earlier  stage. 

In  specimens  eight  days  old  the  process  is  equal  to  or  greater 
than  half  the  height  of  the  umbrella,  and  the  medusa  has  OflBen- 
tially  the  adult  form,  except  that  the  maif^inal  enUugements  are 
much  larger  relatively  and  lesB  nnmeroua  than  they  are  in  the 
adnlt,  I  was  not  able  to  keep  tliem  longer,  ae  the  tentacles,  fif- 
teen or  twenty  timee  as  long  as  the  height  of  the  nmbrella, 
became  entangled  with  each  other  and  attached  to  the  sides  of 
the  glass  jar,  so  that  I  was  not  able  to  remove  the  animals  to 
change  the  water  without  injuring  them. 

Lmopi  SoimoxBA  (McCrady). 

This  is  one  of  the  most  abundant  medusae  at  Beaufort,  and 
there  is  no  difficulty  in  obtaining  a  supply  of  segmenting  eggs 
and  young  medusae.  The  eggs  are  very  small  and  transparent, 
and,  as  they  develop  with  great  rapidity,  they  are  very  &vorable 
subjects  for  erabryological  work.  My  results  agree  perfectly 
with  those  of  Metschinchoff,  and  there  is  no  diflBculty  in  witness- 
ing the  actnal  delamination  of  the  inner  ends  of  the  cells  of  the 
developing  egg. 
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THE  ACTION  OF  ETHYL  ALCOHOL  UPON  THE 
DOGPS  HEART.    By  H.  NEWELL  MARTIN,  M.  A.» 

M.  D.,  D.  Sc.,  Professor  in  the  Jolmfl  HopkiikB  CTniTersit^,  and 
LEWIS  T.  STEVENS^  B.  A.,  Fellow  of  the  same. 

The  plijsiological  action  of  alcohol  is  a  subject  in  connection 
with  which  very  much  has  been  written.  In  the  Index  Cata- 
logne  of  the  Library  of  the  Surgeon-General's  office  there  are 
more  than  one  hundred  and  fifty  separate  references  under  the 
title  "Alcohol,  physiological  effects  of."  From  this  vast  maB8 
of  literature  bearing  on  a  enbject  which  has  been  so  often  prom- 
inent in  social  and  political  discussions,  very  much  may,  of  course, 
beat  once  eliminated  as  of  no  immediate  interest  to  the  physiolo- 
gist or  therapeutist  in  his  capacity  as  such.  It  contains  no  orig- 
inal experiments,  and  is  mainly  a  rhetorical  and  uncritical 
account  of  the  work  of  others,  often  also  described  with  a  mental 
bias.  After  throwing  aside  these  productions  of  the  orators  and 
essayists,  there  still  remain  numerous  articles  professing  to  deal 
with  the  physiological  action  of  alcohol  which  can  hardly  he 
accepted  as  so  doing,  for  in  many  cases  all  sorts  of  alcohol-con- 
taining drinks  have  been  administered  to  men  or  the  lower 
animals,  and  the  results,  if  any,  set  down  as  due  to  the  alcohol 
only.  That  this  is  not  justifiable  a  moment's  consideration  will 
make  clear,  for  it  is  well  known  that  in  different  wines  and  spirits 
TariotiB  substances  are  present  which  have  potent  action  on  the 
system,  and  cause  these  drinks,  quite  apart  from  the  percentage 
of  alcohol  in  them,  to  produce  each  its  own  characteristic  effect, 
not  only  immediately  after  consumption,  but,  when  taken  in  excess, 
Temotely  and  permanently ;  as  illustrated  by  the  different  patho- 
logical Btates  to  which  they  give  rise  or  predispose.  It  is  to  this 
canae  undoubtedly  that  the  very  discordant  statement  of  various 
workere  are  mainly  due;  while  there  has  also  been  a  good  deal  of 
carelesa  experimenting,  such  as  the  injection  of  large  doses  of 
90  per  cent,  alcohol  into  the  alimentary  canal  and  the  aacription 
of  the  eonaequencea  to  absorbed  alcohol,  quite  regardless  of  the 
intense  local  irritation  which  must  have  been  set  np  in  the 
fltomaeb  or  rectum  of  the  animal  experimented  npon.  Daring 
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tho  last  tliirty  years  more  cnrefnl  -^ork  with  reasonable  doses 
and  dilution,  and  with  attention  to  the  kind  of  alcoholic  liquid 
used,  has  given  better  results.  So  far  at  least  as  the  pulse  is 
concerned,  it  seems  fairly  settled  that  alcohol  diluted  with  water 
and  in  doses  enfficient  to  produce  transient  disturbance  of  the 
mental  faculties,  has  no  effect  on  the  pulse- rate  of  healthy  men 
or  other  mammale,  though  even  here  there  is  not  absolute  agree- 
ment.  Zinimerberg,^  whose  paper  is  the  most  satisfactory  of  all 
those  on  this  subject  with  which  we  are  acquainted,  found  no 
pulse  alteration  caused  by  alcohol  in  dogs  and  cats  when  the 
animals  were  not  tied  down.  Rabbits,  on  the  contrary,  showed 
a  quickened  pulse,  but  this  seemed  due  to  scare,  for  the  same 
phenomenon  was  observed  when  a  little  water  was  injected 
into  the  animal's  stomach.  He  also  could  discover  no  pulse 
quickening  in  man.  Dr.  Edward  Smith,'  however,  found  his 
own  pulse  quickened  by  alcohol,  while  that  of  Mr.  Moul  was  un- 
affected. As  Dr.  Smith  makes  no  statement  as  to  whether  he 
was  accustomed  to  the  daily  use  of  alcohol,  it  seemed  possible 
that  he  was  an  habitual  abstainer,  and  that  the  pulse-quickening 
action  of  the  alcohol  in  his  case  depended  npon  the  fact  that  his 
system  was  quite  unaccustomed  to  it.  As  this  point  seemed  of 
interest  and  perhaps  of  practical  importance,  we  asked  a  friend, 
aged  about  twenty-six,  and  who  had  never,  so  far  as  he  knew,  drank 
anything  containing  alcohol,  to  allow  us  to  make  an  observation 
upon  him.  He  kindly  consented,  and  we  give  here  the  result 
before  proceeding  to  the  main  series  of  our  experiments.  The 
alcohol  used  in  this  case  and  throughout  our  researches  was  that 
prepared  by  Squibb,  and  sold  as  "  Absolute  Alcohol "  of  sp.  gr. 
0.7650  at  25°  0.,  and  warranted  to  contain  not  lees  than  99.75 
per  cent,  of  pure  ethyl  alcohol.  Mr.  J.'s  last  meal  was  taken 
at  7  P.  M.  At  9  P.  M.  he  lay  down  on  a  bed,  and  his  pulse- 
rate  was  noted  at  intervals  for  an  hour.  At  9h.  05m.  it  was 
74  per  minute,  and  ▼aried  between  that  and  71.5  until  9h. 
80m.;  he  then  became  drowsy,  and  this  and  the  recumbent 
postare  brought  the  pulse  down  to  68  at  9h.  5$m.  At  lOh. 
08m.  he  was  roused ;  at  lOh.  10m.  told  he  was  to  be  given  the 
aksohol.  The  substance  really  administered  was,  however,  only 
some  sugar  and  water — the  object  being  to  see  what  effect,  if 
anjf  the  idea  of  taking  the  drug  (which  might  well  excite  a  per- 
son aocnstomed  to  regard  it  somewhat  In  the  light  of  a  poison) 
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would  liBve  on  the  pulse.  There  was  a  tnuiaioDt  quickeniiig  to 

73  per  minate,  bnt  this  was  probably  merely  due  to  rising  from 

the  recumbent  position  in  order  to  drink.     At  lOh.  8lm.  P.  M., 

when  the  pulse  had  fallen  to  70,  15  cub.  cent,  of  alcohol  in  50  cub. 
cent,  ut  water  were  given.  This  caused  no  rise  of  the  rate  of  heart- 
beat greater  than  two  beala  iu  a  niiuute,  and  this  only  lasting  a 
few  minutes,  and  easily  accounted  for  hy  the  muscular  effort  in- 
volved in  changing  the  posture.  At  iuh.  the  pulse  was 
a^in  70  per  minute,  and  thencefortli  until  the  final  counting,  at 
12h.  10m.  A.  M.,  its  rate  lay  between  72  and  67  per  minute — 
on  the  whole  slowing  towardB  the  close  of  the  experiment. 
This  slowing  can  hardly  have  had  any  <K  [  < ndence  on  ilu"  alco- 
hol, as  it  is  well  Icnown  that  the  pulse  ii  innally  becomes  iess 
frequent  towards  midnight,  and  especially  in  a  person  who  has 
lain  for  hours  at  rest.  Tliat  the  dose  of  alcohol  was  sufficiently 
large  was  evidenced  by  the  dizziness  produced  by  it. 

We  here  give  in  tabular  form  the  results  of  tho  experiment 
jQBt  described. 
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Combining  this  experiment  on  a  teetotaller  with  those  of  pre- 
vioiib  worlcers,  we  think  it  tolerably  certain  that  moderate  quan- 
tities of  pure  ethyl  alcohol  so  diluted  witli  water  as  to  have  no 
local  irritant  action,  exert  no  influence  on  the  pulse  rate  of 
healthy  men.  Possibly  the  contrary  result  obtained  by  Dr.  Ed- 
ward Smith  is  to  be  explained  by  the  fact  that  he  was  experi- 
mentinir  upon  himself.  Although  practised  in  so  doing,  he  may 
not  have  always  been  able  to  suppress  such  an  amount  of  inter- 
est in  the  result  as  amounted  to  a  nervous  excitenaent  sufficient 
to  influence  his  pulse.  It  is,  perhaps,  necessary  here  to  defin- 
itely state  that  the  above  conclasion  applies  only  to  ethyl 
alcohol,  and  not  to  various  wines  and  spirits.  As  regards 
several  of  these,  the  evidence  collected  by  Dr.  Edward  Smith 
and  others  points  the  other  way  Some  qnicken  the  pulse, 
and,  so  far  as  diseased  persons  are  concerned,  the  clinical 
evidence  seems  conclusive  that,  under  certain  conditions,  some 
alcoholic  liquids  will  remarkably  diminish  the  rate  of  heart-beat 
In  the  treatment  of  the  sick,  however,  pnre  diluted  ethyl  alcohol 
has  rarely  been  nsed,  and  it  may  be  that  the  inflnenoe  observed 
on  the  pnlse^rate  is  a  specific  action  of  some  of  the  other  con- 
stitnents  of  the  liqnids  administered. 

When  a  substance  acts  upon  so  many  different  systems  of  the 
body  as  alcohol  does,  it  becomes  no  easy  matter  to  get  at  its 
immediate  specific  action  upon  any  one  organ ;  yet  a  knowledge 
of  this  may  be  of  primary  importance.  A  given  substance,  for 
example,  is  known  to  raise  arterial  pressure ;  perhaps  it  is  often 
a  matter  of  no  consequence  whether  it  does  this  by  ineroasiog 
the  heart's  work  or  by  constricting  the  arterioles ;  yet  obviouBly 
circumstances  may  ariee,  g,  a  greatly  weakened  heart,  wbsn 
the  administration  of  a  drug  constricting  the  arteries  would  per- 
haps temporarily  increase  arterial  pressure,  but  in  so  doing  throw 
so  much  extra  work  on  the  feeble  heart  as  to  lead  to  disastrous 
results.  To  raise  therapeutics  from  empiricism  or  guesswork  it 
is  esseiitiiil  to  know  precisely  the  action  of  each  dru<j^  on  each  organ 
in  the  body,  and  tiieii  its  action  upon  them  when  wurkin^  totjcther 
in  the  living  man.  By  the  combination  of  careful  observations  at 
the  bedside,  with  experiments  made  in  physiological  laboratories 
on  the  action  of  substances  on  healthy  animals,  and  in  laborato- 
ries of  experimental  therapeutics  on  healthy  and  diseased,  we 
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may  hope  in  time  to  know,  at  leabt  wiLli  tolerable  exactness  (for 
there  will  always  be  individual  idiosyncrasies  to  bo  mot  and  com- 
bated) exactly  what  any  dose  pven  to  any  patient  is  going  to 
effect  in  him.  The  educated  physician  does  not  now  prescribe  as 
his  predecessor  would  have  done,  a  Juse  of  salte  for  every  case  of 
constipation  ;  he  selects  his  purgative  to  Buit  the  particular  case 
and  in  accordance  with  his  diagnosis  of  the  seat  of  tlie  trouble 
and  hi?  knowledge  of  the  physiology  of  the  alimentary  organs 
and  the  specilic  action  of  tlie  drug.  To  clearly  establish  for 
every  substance  used  in  medicine,  tirst  its  special  action  upon 
each  organ  when  isolated,  and  then  its  action  upon  each  organ 
when  that  organ  is  in  vital  connection  with  all  the  rest,  is  a  task 
of  almost  appalling  magnitude ;  but  in  ]iroportion  as  it  is  accom- 
plished will  medicine  become  a  trustworthy  art  based  on  scieotific 
knowledge.  Fortunately  so  much  has  been  done  of  late  yean, 
especially  in  physiological  and  pharmacological  laboratorieB,  aa 
to  show  that  the  task  is  not  hopeless. 

The  investigation  whose  results  are  given  in  the  following 
pages  was  undertaken  with  the  hope  of  contributing  some  little 
to  the  attainment  of  the  end  aboye  described,  and  also  with  the 
view  of  testing  the  availability  of  the  dog's  heart,  isolated  from 
all  other  organs  of  the  body  except  the  InngSi  for  therapeutical 
research.  The  latter  subject  seemed  well  worth  investigating,  as 
the  hearts  of  frogp  and  reptiles,  which  have  hitherto  alone  been 
experimented  upon  as  regards  the  direct  actbn  of  drugs  upon  the 
organ,  differ  in  many  fundamental  points  of  anatomy,  physiology, 
and  nervous  supply  from  the  heart  of  man,  while  the  dog's  heart 
is  practically  identical  with  it  in  structure  and  working. 

The  animal  having  been  narcotised  by  a  laige  dose  of  acetate 
of  morphia  subcutaaeously  injected,  or  by  the  inhalation  of  the 
vapor  of  a  mixture  of  ether  and  chloroform,  the  heart  was 
isolated  essentially  in  the  manner  described  in  a  previous  number 
of  this  journal  (YoL  II,  p.  813,  plate  XY).  Certam  modifica- 
tions in  the  method,  however,  require  mention.*  Instead  of 
allowing  the  right  carotid  to  pump  out  through  the  tube  q  (Plate 
XY),  and  regulating  the  pressure  in  the  aortic  arch  by  opening 

*  The  modiflcatioDS  here  described  are  bo  iooomiderable  and  easily  intelligible 
that  it  liasiiot  nemsd  to  us  UMeaasiy  to  iUnstrnto  them  Iqr  anew  plate. 
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the  fltop-oook  23  more  or  IflBB  freely,  the  caDnnla  inflerted  into  the 
artery  was  attached  to  along  rabber  tabe  which  watM  through 
the  top  of  the  warm  ehamber,  in  which  the  heart  lay,  tea  hei^t 
of  several  ibet,  where  it  ended  in  an  outflow  orifice.  By  vary* 
ing  t}ie  height  of  the  pdnt  of  outflow  any  desired  arterial  pres- 
sure cotild  be  easily  obtained.  We  nsaally  chose  sneh  a  height 
as  gave  a  mean  pressure  of  100  to  140  mm.  of  mercury,  mcasn red 
by  a  manometer  connected  with  the  left  carotid,  wliich  recorded 
upon  the  paper  of  a  kyniOL^rapli,  and  thus  also  enabled  us  to 
couiU  tlie  pnlse.  Wo  may  at  once  dismies  the  hitter  hy  saj  ing 
that  tlie  doses  of  alcohol  given  by  us  had  no  effect  upon  its  rate, 
thus  confirming  the  results  of  the  majority  of  recent  observers. 

In  some  cases  the  method  was  juodified  by  tying  up  the  right 
carotid  instead  of  the  aorta,  and  inBertine;  into  the  latter 
nula  of  thin  bra«B,  as  large  as  it  would  admit.  This  canniiLi 
was  pushed  up  to  the  origin  of  the  luft  subclavian  and  firmly 
tied  there.  To  its  distal  end  was  connected  a  wide  rubber  tube, 
wTiieh  led  tlu  ou^jch  the  top  of  the  %varm  chamber  and  ended  in 
an  outflow  tube  which  could  lu?  raised  or  lowered  at  will.  This 
modification  was  adopted  to  secure  to  the  left  ventricle  a  wide 
outflow  channel,  and  tlius  eliminate  a  poeeible  source  of  error 
due  to  its  having  only  one  carotid  through  which  to  empty  itself 
As  will  be  seen  subsequently  the  result  was  the  same  whether 
the  left  ventricle  had  only  the  carotid  through  which  to  foroe 
its  contents,  or  a  tube  of  the  full  diameter  of  the  thoracic 
aorta.  This  might  perhaps  have  been  expected,  as  the  height 
to  which  the  column  of  blood  had  to  be  pumped  was,  in  both 
cases,  arranged  with  referenee  to  the  diameter  of  the  tnbe  through 
wliich  it  was  forced,  so  as  to  giye  about  the  same  pressure  in  the 
aortic  arch ;  in  other  words,  to  oppoee  the  same  resistance  to  the 
systole  of  the  left  rentricle. 

The  nutrient  liquid  sent  to  the  heart  was  supplied  fiom  four 
Mariotte's  bottles,  either  of  which  could  at  wQl  be  connected 
with  the  organ.  One  of  these  flasks,  at  Hie  oommenoement  of 
the  experiment,  contained  two  litres  of  firesh  defibrinated  dog's 
blood,  mixed  with  500  cub.  cent  of  0.75  per  cent,  solution  of 
sodium  chloride  in  distilled  water.  At  the  oommenoement  of  an 
experunent  this  flask  was  put  in  conneetion  with  the  auperior 
▼ena  cava,  and  supplied  the  right  auricle  under  a  pressure  equal 
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to  that  of  a  colnnm  of  the  blood  miztnre  fiftaon  oentlmetres  in 
height  This  snpp]  j-proBsnre  was  the  same  for  all  the  four  flasks, 

afi  they  Btood  on  the  same  level,  and,  as  repeated  trials  showed, 
gave  rise,  wlien  the  cannula  usuallj  inserted  into  the  superior 
cava  was  disconnected  from  that  vessel  and  allowed  to  pour  into 
a  beaker,  to  a  L;rL':it( :r  How  of  blood  than  the  left  ventricle  ever 
pumped  out  in  an  equal  time;  60  that  the  heart  ulwaja  had 
opportunity  to  take  up  more  blood  than  it  accepted. 

The  blood  received  by  the  right  auricle  from  the  first  ilar- 
iotte's  bottle  iiaving  passed  through  the  lungs,  was  finally  sent 
from  the  left  ventricle  through  the  outflow  tube  connected  either 
with  the  right  carotid  or  with  the  aorta.  From  the  outflow  tube 
it  poured  into  a  funnel  from  which  it  passed  back  into  bottle  No. 
2,  where  it  collected ;  this  bottle  being  meanwhile  in  free  commu- 
nication with  the  atmosphere,  but  shut  off  from  the  heart. 
When  No.  1  was  nearly  empty  and  No.  2  full,  by  turning  a 
couple  of  Btop-cocks,  No.  2  was  cut  off  from  direct  connection 
with  tho  outc  r  air  and  converted  into  a  Mariotte's  liask,  and  at 
the  same  time  placed  in  communication  with  the  superior  cava. 
No.  1  was,  simultaneously,  cut  off  from  coMiitH  tion  with  the 
heart  and  arranged  to  receive  the  blood  pumped  out  by  the  letlt 
ventricle  and  now  supplied  to  the  heart  by  No.  2. 

One  of  us  stood  by  the  kymograph  and  looked  ■aWot  it;  the 
other  stood  by  the  outflow  tube.  The  former  at  intervals  of  a 
few  minutes  gave  the  word  "get  ready,"  and  a  few  soconds  after- 
wards "  go."  The  other  then  immediately  turned  the  outtiow 
tube  connected  with  the  left  ventricle  so  that  it  emptied  into  a 
beaker  held  in  his  hand.  At  the  expiry  of  fifty-five  seconds 
from  the  word  "  go  "  the  warning  "  get  ready  "  was  again  given, 
and  at  the  end  of  a  minute,  upon  a  second  utterance  of  the  word 
'*go,-'  the  collection  in  the  beaker  was  stopped.  The  blood  col- 
lected during  this  miiinte  was  measured  and  noted ;  and  soon  after- 
wards a  new  measurement  of  the  quantity  pumped  out  by  the  heart 
in  a'minute  made  in  like  manner.  When  bottle  No.  2  was  nearly 
empty  and  No.  1  full,  the  stop-cocks  were  leTCrsed  and  the  heart 
fed  from  No.  1 ;  and  so  on  as  often  as  necessary.  The  blood  col- 
lected for  measurement  was  poured  back  through  the  funnel  into 
the  bottle  which  happened  to  be  the  receiving  one  at  the  moment. 
When  such  measarementa  made  five  or  six  conseoutiTe  times 
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agreed  witllin  A  few  cnbic  oentimetreB,  the  heart  was  eonsidered 
fit  for  the  examination  of  the  action  on  it  of  alcohol-containing 
blood.  Bottle  No.  3  contained  wiiun  the  experiment  commenced 
two  litres  of  defibrinated  dog's  blood.  As  soon  as  it  was  ascer- 
tained that  the  heart  was  working  with  fair  anifuniiity,  500  cub. 
cent,  of  0.75  per  cent,  warmed  sodium  chloride  solntion  to  which 
alcohol  had  been  added  were  mixed  with  the  contents  of  No.  3. 
The  quantity  of  uhuhul  used  was  such  as  to  form  either  0.25 
or  0.5  per  cent,  of  the  whole ;  or,  put  in  another  way,  25 
or  50  parts  in  10,000.  The  total  quantity  of  alcohol  admin- 
istered did  not  exceed  in  any  case  which  wc  here  record  (lartz^er 
quantities  were  given  in  other  experiments  with  marked 
pathological  results)  10  cubic  centimetres,  an  amount  contained 
in  about  §  oz.  of  good  brimdy.  Tt  must,  however,  be  borne  in 
mind  that  under  the  conditions  of  our  experiments  the  only 
organs  concerned  were  the  lungs  and  lieart,  and  that  when 
alcohol  is  swallowed  much  of  it  may  be  held  back  in  the  liver  or 
eliminated  by  the  kidneys.  It  is  therefore  probable  that  ranch 
larger  quantities  of  alcohol  than  those  we  employed  might  be  ad- 
ministered  by  the  month  and  absorbed  and  removed  from  the  whole 
body  without  producing  that  influence  upon  the  heart  which  onr 
experiments  demonstrate.  When  the  alcohol-oontainiDg  Mariotte's 
bottle  was  connected  with  the  heart,  the  stop-cocks  were  so  turned 
that  the  blood  pumped  out  flowed  into  bottle  No.  4 ;  and  while 
the  heart  waa  fed  from  No.  8)  measmements  of  the  blood  pumped 
out  in  a  minute  were  made  in  the  manner  above  described.  After 
the  action  of  the  alcohol  had  fnllj  manifested  itaelf^  a  bottle 
(No.  1  or  2)  oontainiog  no  alcohol  waa  connected  with  the  heart; 
if  no  marked  recovery  took  place  the  experiment  was  rejected, 
as  the  diminiahed  work  might  have  been  due  to  gradual  death 
of  the  isolated  heart,  independent  of  any  specnfic  action  upon  it 
of  the  alcohol.  When  unmiatakable  recovery  took  place  the 
experiment  was  recorded  aa  a  Batiafactory  one»  even  though  the 
heart  did  not  regain  completely  ita  original  working  power. 

Care  was  of  course  taken  to  keep  the  blood  supplied  to  the  ' 
heart  of  asnniform  a  temperatnre  as  poedbla  Its  temperatore 
was  observed  by  means  of  a  thermometer  inserted  into  the  sup- 
ply tube  close  to  its  attachment  to  the  superior  vena  cava. 

In  a  preliminary  and  general  way  our  results  may  be  stated  as 


Digitized  by  Google 


MTMYL  ALCOHOL  UPON  THE  D0CP8  HEART.  485 


Ibllows:  When  defihrinated  hlmd  containinfj  \  of  om  per  cent, 
by  volume  of  ethyl  alcohol  f<uj)j)h'f(?  to  an  ifiolated  dog's  heart 
which  has  been  hitherto  working  with  yniforynity^  the  in  variahle 
result  is  a  very  rapid  and  marked  diminution  in  the  work  done 
(indicated  by  quantity  of  the  blood  pumped  out  from  the 
Uft  verUrich)  by  the  hea/rt  iti  a  given  tim^e.  When  the  blood 
caniaitu  only  k  of  one  per  cent,  of  alcohol  ihe  result  is,  in  m4)st 
cases,  the  same,  but  som^tim^ea  i»  little  or  none.  A  fter  the  action 
of  ike  akohol  has  been  fully  mAinifested  the  heart  can  in  many 
cams  he  restored  to  its  original  working  state  if  supplied  with 
defibrinated  blood  eoniaining  no  alcohol.  Blood  contaming  but 
one-eighth  of  one  per  cent,  of  alcohol  exerts  no  influence  upon 
the  work  done  by  the  heart,  at  least  for  Beveral  minntes. 

Ab  the  heart  was,  under  the  conditiona  of  the  experiment, 
isolated  from  all  extrinBic  nervona  control,  and  supplied  nnder 
exactly  the  same  pressnre  with  blood  of  exactly  the  same  compo- 
Bition,  except  that  one  sample  contained  a  little  alcohol  and  the 
other  did  not,  it  was  clear  that  in  seeking  an  explanation  of  the 
above  results  we  were  limited  to  two  directions:  our  apparatus 
might  be  imperfect,  or  the  alcohol  had  a  direct  action  upon  the 
living  organs,  heart  or  lungs,  or  both. 

As  regards  the  apparatus,  it  was  possible  that  the  bottles  filled 
with  alooholised  blood  flowed  leas  freely  than  the  others,  and  thns 
cutting  off  the  supply  to  the  heart,  gave  it  less  to  pump  out. 

Repeated  and  most  carefnl  examination  quite  precluded  this 
,  explanation.  In  many  cases  before  commencing  an  experiment 
each  of  the  four  Mariotte's  bottles  was  in  turn  connected  with 
the  vena  cava  cannula  :mcl  allowed  to  ])onr  for  a  minute  into  a 
beaker,  with  the  invari;il  1(3  result  tluit  the  quantity  colleeted 
from  each  one  did  not  vary  four  per  cent,  from  that  obtained 
from  any  of  the  other  three.  AVe  had  in  fact  taken  such  care 
to  have  the  connections  and  Bto]>-cocks  of  each  bottle  so  similar 
that  a  different  reeult  could  liardlj  have  been  possible.  In 
other  cases  bottle  1  was  liibt  used  to  feed  the  heart ;  then  ale  liol- 
ised  blood  supplied  from  bottle  3,  with  the  usual  result.  Tiao 
heart  was  then  recovered  l)y  fjood  blood  supplied  from  bottle  2, 
and  meanwhile  bottle  1  emptied  of  good  blood  and  filled  with 
alcoholised,  its  connections  being  left  undisturbed.  Then  alco- 
hoiised  blood  irom  bottle  1  being  supplied  to  the  heart,  we  Ibund 
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invariably  a  luarkcd  diminntion  of  work,  altliougli  this  bottle 
had  previouslj,  when  filled  with  good  (t.  c.  non-alcoholised) 
blood,  kept  the  heart  at  full  work;  and  it  returned  to  this  stand- 
ard when  subsequently  supplied  from  bottle  3,  whieli  meanwhile 
had  had  it»  contenlH  Bjphoned  oil'  and  replaeed  with  i^jiood  blood. 
An  absolutely  incontrovertible  proof  that  possible  ditilTcnt  rates 
of  supply  from  the  bottles  had  nothing  to  do  witli  the  general 
rcBult  will  appear  later  when  we  deacribe  the  effect  of  removal 
of  tiie  pericardium. 

Once  defects  of  the  apparatus  were  eliminated  wo  had  to  seek 
the  cause  of  the  result  obtained  in  the  heart  or  lungs.  It 
seemed  conceivable  (a)  that  the  alcoholised  blood  constricted 
the  pulmonary  vessels  or  otherwise  impeded  the  flow  from  ngbt 
▼entrideto  left  auricle ;  or  (b)  that  it  greatly  dilated  tlie  coronary 
▼essels  of  the  heart  and  allowed  so  much  blood  to  be  diverted 
through  them  as  to  seriously  diminish  the  proportion  of  the  total 
amount  pumped  into  the  root  of  the  aorta,  which  was  loll  over 
to  be  pumped  through  the  carotid  or  aortic  cannula,  with  which 
our  outflow  tube  was  connected;  or  (o)  the  alcoholised  blood 
might  act  injuriously  on  the  ganglia  and  nervea  of  the  heart ;  or 
it  might  act  injuriously  upon  &e  cardiac  muscular  tusue. 

We  were  quite  at  a  loss  for  a  time  in  endeavoring  to  decide 
between  the  above  possibilities.  At  last  it  was  observed  that 
when  the  heart  waa  supplied  with  alcoholised  blood  and  this 
diminished  the  work  done,  the  organ  invariably  was  much  dis- 
tended, closely  filling  the  pericardiac  sac  In  the  latter  a 
minute  hole  was  always  cut  as  soon  as  the  heart  was  placed  in 
the  warm  chamber,  to  prevent  the  accumulation  of  lymph  within 
it,  which  otherwise  is  apt  to  occur;  probably  because  the  efferent 
lymphatic  trunks  have  been  tied  or  twisted  in  the  operations  of 
isolating  the  heart  and  insorting  the  cannulas.  After  noticing 
the  expansion  of  the  heart  above  mentioned,  our  next  experi- 
ment was  modified  by  cutting  away  the  pericardium  before  any  ob- 
servations were  made.  We  then  found  that  even  blood  containing 
i  of  one  per  cent,  of  alcohol,  which  had  never  previously  failed  to 
cause  a  marked  diiiiiiiutiuu  in  the  heart's  work,  was  almost  with- 
out effect  on  it.  In  other  cases  the  experiment  wari  modified  by  first 
leaving  the  pericardium  intact  and  L^etting  the  nsnal  alcohol  re- 
Bolt ;  next,  recovering  the  heart  by  supplying  it  with  good  blood; 
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then  cutting  away  the  pericardium  and  sapplying  alcoholised 
blood  from  same  flask  as  before.  This  now  had  no  cifect  on 
tiie  work  done  bj  the  heart  in  a  muiiite;  though,  aa  will  be  more 
precisely  stated  later,  It  had  a  notleeaUe  influence  on  the  balk  of 
the  heart 

Bemoving  the  pericardinm  oonld  obyionely  have  no  inflnenoe 
on  the  rate  of  supply  from  onr  bottles  or  on  the  calibre  of  the 
pulmonary  arterioles;  so  thoeepoeeible  causes  of  the  general  result 
of  the  alcohol  administration  were  definitely  set  aside.  It  also 
eeemed  hardly  eonodvable  that  dilatation  of  the  coronaiy  yeaaels 
caused  the  less  oatflow  from  the  carotid  arteiy  or  thoraisie 
aorta;  for  comprassaon  of  a  distended  heart  by  its  snrronnding 
pericardinm  would  oppose  such  dilatation,  and  the  efifoct  ought 
therefore  to  be  meet  marked  after  the  removal  of  that  sac^  which 
was  exactly  the  reverse  of  what  we  found  to  occur.  That  the 
contractile  force  of  the  heart  was  not  directly  affected  seemed 
also  demonstrated  by  the  very  slight  diminution  of  work,  if  any, 
which  occurred  on  tiie  administration  of  alcohol  after  removal  of 
the  pericardium.  We  thus  seemed  driven  to  seek  for  some 
alteration  in  the  physical  conditi<m  of  the  organ  which  impeded 
its  action  and  diminished  its  work.  This  alteration  was  not  far 
to  seek.  The  great  swelling  of  the  heart  when  under  the  influ- 
ence  of  alcohol  was  obvious.  At  tlie  height  of  each  systole  it 
nearly  filled  the  pericardiac  cavity,  and  during  the  diastoles 
had  little  opporturiiry  to  dilate  and  receive  a  fresh  supply  of 
blood,  iienco  the  quantity  pumped  out  at  each  beat  became 
less  and  less  in  proportion  as  the  heart  swelled.  As  it  seems 
tolerably  certain  that  the  normal  heart-beat  is  of  such  ciiaracter 
that,  at  the  end  of  each  systole,  the  ventricular  cavities  are  en- 
tirely emptied  and  obliterated,  we  may  state  our  results  a^^  follows : 
The  action  of  alcohol  adminuiered  in  the  manner  and  doses 
ahoDc  descrihed  is,  without  ^primarily  altering  the  force  of  heart- 
heat,  to  cdter  ifs^  character^  so  that  the  ventricular  cavity  is  not 
ohliterated  at  the  end  of  systole^  and  less  so  the  longer  iJie  alcohol 
has  hecn  administered.  At  f  rst  this  incompleie  systole  is  com/' 
pensated  for  hy  a  more  extensive  diastole,  so  that  the  difference 
between  the  capacity  of  the  ventricle  in  complete  diastole  and 
that  in  complete  systole  remains  the  same  as  when  the  orgtm  maie 
normaUif  beating,   Ooneequenilyf  the  qua/niity  qf  blood  pwa^ped 


Digitized  by  Google 


488  M,  NEWELL  MARTIN  AND  LEWIS  T.  STEVENS. 


out  at  each  heat  remains  as  great  as  before.  If  heart  he  cvti- 
fined  in  the  jiericardium  it  soon^  fiowever^  ceases  to  have  room  to 
swell  during  diastole  to  a  size  sufficie7it  to  compensats  for  its  in^ 
complete  systole  ;  and  thenceforth^  as  the  swelling  increases^  the 
difference  between  diastolic  and  systolic  capacity  becomes  .less 
and  less.  As  tfie  tiercsmry  re-stdt,  the  quantity  of  blood  pumped 
round  by  the  orga  n  is  proporiiojiately  diminished.  Removal  of  the 
j>ericardium  prevents  this  remdt,  at  least  for  a  considerable  time. 

Probably  the  diastolic  increase  would  ultimately,  even  wjth  the 
pericardiam  removed,  gain  a  maximum  before  the  systolic  in- 
crease of  ventricular  capacity  had  reached  its  limit,  if  alcohol 
were  administered  a  longer  time,  and  there  would  then  be  a  dimi' 
nation  in  the  blood  pnmped  round ;  but  upon  this  point  we  are 
not  prepared  at  present  to  make  a  positive  statement.  When 
hearts  freed  from  the  pericardium  showed  a  distinct  diminution 
in  the  work  done,  we  have  never  been  able  to  obtain  any  satis- 
factory recoTOiy;  and,  as  above  stated,  we  are  unwilling  to  lay 
stresB  on  experiments  in  which  no  such  recovery  was  obtained 
when  good  blood  was  substituted  for  alcoholised. 

Gaskell  has  shown*  that  the  heart  of  the  frog  and  toad  can 
have  the  extent  of  its  systole  or  diastole  controlled  by  the  vagus 
nerve*  Hence  it  may  be  that  the  characteristic  physical  change 
wrought  in  the  musde  of  the  dog's  heart  by  alcohol  is  indireetiy 
produced  by  a  primary  action  of  the  drug  on  vagus  nerve  end- 
ings in  the  oigan.  Gaskell,  himself,  however,*  and  Koy,^  Kinger* 
and  othen,  have  found  that  various  substances  supplied  to  the 
apex  of  the  frog*s  ventricle  bring  about  a  condition  of  imperfect 
systole  similar  to  that  which  we  find  produced  in  the  dog's  heart 
by  alcohol ;  while  other  substances  exert  the  reverse  effect,  bring- 
ing the  frog's  apex  into  an  almost  tetanic  state  of  systole.  Hence^ 
reasoning  from  analogy,  it  is  also  possible  that  the  alcohol  acted 
directly  upon  the  cardiac  muscle^  At  present  we  do  not  find 
ourselves  in  a  position  to  decide  between  these  possibilities.* 

♦This  paper  was  read  before  tlio  Mcnlical  find  Chirurgiciil  FuculLy  of  Mary- 
land  on  April  27,  1883,  and  an  abstmct  ol  it  published  in  the  Mcdiuil  News^ 
Philadel})liia,  May  5,  ItidS.  Sinco  the  present  article  was  put  in  type,  a  paper 
by  Kinger  and  Sainsbury  has  appeared  in  the  BraetUiontir  for  Jvne,  1883. 
They  cspetimnited  with  vaiious  aloohols  on  the  frog'e  ventricle,  And  found  aU 
fltopped  the  heart  in  diastole.  Their  work  makes  it  probable  that  our  results  are 
due  to  diieot  aotion  of  the  ethyl  akwhol  en  tbamnaeolar  tIanMoC  the  dog'ehenxt* 
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The  thmpeatical  significance,  if  any,  of  the  resnits  obtained 
by  na  we  do  not  feel  qualified  to  diacnss ;  bat  we  may  point  ont 
that  onr  work  eeems  to  show  that  alcohol  should  be  used  with 
cantton  in  eaaes  of  perieaidiae  effiieion,  where  any  increaae 
in  the  size  of  the  oigan,  hampered  as  it  is  already  by  the 
liquid  around  it,  conld  only  be  harmful.  We  trust  shortly  to 
inveetigate  the  action  of  other  substanoes  upon  the  isolated  dog's 
heart;  especially  those  substances  which  have  been  foand  to  pro* 
dnce  or  contraction  in  the  hearts  of  ainpliibia  and 

reptiles.  If  we  can  establish  for  the  mammal  the  results  which 
others  have  obtained  on  the  lower  vertebrates,  wo  may  perhaps 
add  some  little  to  the  knowledge  ayailable  to  the  physician  in 
his  treatment  of  the  patiiological  conditions  known  as  dilated 
and  contracted  heart. 

"We  append  in  tabnlar  form  the  details  of  some  of  onr  experi- 
ments. The  only  point  which  we  think  may  need  exj.lanation  ia 
the  fact  that  in  BOine  cases  arterial  pressure  is  seen  to  fall  while  the 
heart  was  still  pumping  some  blood  up  to  and  out  of  tlie  outflow 
orifice,  which  was  maintained  at  a  uniform  heifi^ht.  Tin's  is  due  to 
the  fact  that  the  pressure  recorded  by  the  maiiometer  depended 
on  two  factors:  one  (the  main  one),  the  height  of  the  exit  of  the 
outflow  tube  above  the  level  of  the  heart ;  the  other,  an  elastic 
reaction  of  the  Rortic  arch  and  the  arterial  stumps  connected  with 
it,  and  of  tli(j  elastic  rubber  outflow  tube,  due  to  the  fact  that 
when  in  uood  working?  condition  the  heart  kept  them  all  sh'ghtly 
on  the  stret(;ii.  When  tho  lieart  pumped  less  blood  this  tension 
diminished  or  disappeared,  and  tho  pressure  in  the  stump  of  the 
cnrotid  with  which  the  manometer  was  connected  fell  accord- 
ingly. 

The  numbers  in  the  column  headed  "  outflow  "  give  the  num- 
ber of  cubic  centimetres  of  blood  pnmped  by  the  heart  through 
the  outflow  tube  in  the  minute  ending  at  the  time  stated  in  the 
first  column.  The  figures  in  the  column  headed  ^^prcflsure" 
indicate  millimetres  of  mereaiy. 
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March  12,  1883.  Animal  under  the  intiuenee  of  morphia 
during  the  preliminary  operation.  Heart  isolated  at  2h.  05m. 
F.  M.   Oat^ow  throngli  right  carotid.  Preesare  measured  ia 

left  carotid. 


TlmA  P  Vf 

Outflow 

140 

198 

98 

i;ks 

193 

80 

140 

197 

W 

1:39 

las 

48 

141 

189 

47 

140 

190 

8h.  47iii.  80b. 

48 

125 

118 

61 

122 

97 

64 

120 

96 

66 

124 

103 

8h.  66m.  16s. 

8h.  01m. 

135 

142 

08 

184 

148 

Sh.  14m.  OOa. 

81 

188 

166 

88 

140 

205 

88 

148 

808 

86 

143 

190 

8b.  87m.  308. 

41 

135 

169 

43 

133 

181 

3h.  43m.  168. 

47 

186 

168 

68 

184 

188 

k 

Notes. 


AleohoBwd  Mood,  0.86  par  fla&t.|  ttnned  oa. 


GK)od  blood  turned  on  iiistead  of  alcoholbed. 


Marked  recovery. 
Pericardium  cut  awaj. 


0.25  per  oent  ol  alooholiaed  blood  tnnied  <m. 

Pulse  slightly  irregular. 
Good  blood  turned  on. 

Tlic  heart  now  became  very  irregular  and  was 
obviously  dying.  The  experiment,  however, 
shows  well  enough  the  comparatively  slight 
a(^tion  of  the  alooliol  after  tha  remoTaiot 
the  pericaidiom. 
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April  SO,  1888.  Very  small  dog ;  uoder  morphia  while  heart 
was  being  isolated.  Heart  isolated  at  8h.  03m.  P.  H.  Outflow 
cannala  in  aorta.   Preasnre  measured  in  left  carotid. 


Tlm»-P.  M. 


21i.  21m.  005. 
28 
8S 
27 

80 

3h.  81ro.  OOs. 
83 
85 
88 
41 
44 

Sh.  44m.  20b. 
46 
60 
59 
88 
87 
60 

8h.  OOm.  OOs. 
08 
04 
08 
10 


3h.  10m.  158. 


Pressure. 


11 

18 
18 
17 

8h*  lOm.  00b. 
98 
84 

8h.  94m.  45s. 


81 

38 
85 

81i.  88m.  158. 

37 
39 
41 


Outflow. 


99 
99 
99 
99 
09 

98 
98 
98 
98 
08.5 

99 

98.5 

9a5 

99 

9!) 

98 

96 
06 
06 


08 

08.5 
98 

06 

98 

98 

97.5 

07.5 

97 


140 
142 
140 
145 
145 

121 
116 
100 
08 
100 

129 
125 
198 
199 

130 
126 

00 
98 
8 
0 


100 

121 
116 

135 
135 

133 
120 
110 
103 
105 

137 
197 
198 


Notes. 


0.25  per  cent,  aloohdifled  blood  tamod  on. 


Good  blood  turned  on. 


0.5  per  cent.  aloalioUNd  blood  tnmed  on. 


Pressure  rapidly  fiiUiiii,'  hs  thi'  MokI  sank  in 
the  outflow  tube ;  not  enough  being  pumped 
out  bf  the  left  yentrlele  to  supply  the  oottm- 
ary  arterit>>. 

Good  h\oo(\  turned  on;  the  exact  moment  of 
ttimiii<;  oil  the  good  blood  has  unfortunately 
In-cn  t)inilti'<l  in  the  record  of  the  eiperi- 
raent.  It  was  probably  at  the  time  here 
stated,  but  may  nave  been  jnst  before  8h. 
09m. 

A  few  drops  of  blood  pumped  out  of  the  out- 
flow oiifloB. 


PMicttdittin  ont  amy. 

Alooholind  blood  (0.5  peroent.)  turned  oq, 

Heui  greatly  swollen. 

Good  blood  tnmed  on. 


This  experiment  shows  well  the  much  greater 
effect  produced  by  the  blood  containing  J 
of  one  per  cent,  ol  alcohul  than  that  oon- 
tninin^  \.  Also  the  much  less  effect  o(  the 
ah  ohoi  in  so  far  as  quantity  of  blood  pumped 
arriimd  is  concerned,  after  removal  of  the 
I  I'l  icardiutii. 
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May  3 let,  1888.  Medium  sued  dog,  etheriBed  while  the  heart 
WM  being  laolated.  Heart  isolated  at  8h.  56m.  P.  M.  Outflow 
eaonula  m  aorta.   Preesnre  meaeored  in  left  carotid. 


1 

Outflow. 

Notes. 

411.  XMukm  UUS. 

2a5 

ins 

OA 

1  vo 

01V 

4n.  aUm.  ous. 

u.ii  per  Cciib*  aiooDOii90(i  Diocxi  turueu  ou» 

HV 

inn 

1 

1  <fo 

fti. 

vo 

10& 

Heart  moob  distended. 

Oft 
OQ 

07 

171 

fifi 
oo 

AS 

%U«  uOul.  <eUS. 

Good  blood  turned  OQ. 

40 

08 

98 

49 

mo  s 

Jit 
44 

ATA 
91 V 

4ll(  40IQ.  wS. 

888 

A  IcLiHi^o  slit  {•■if  in  rMi*if*A.Tvliiiiii 

60 

103 

68 

103 

281 

tat 

1  no 

Df 

mo 

All  JC7in  AKs 
m.  vim.  wiB< 

U.U           WM1%4  MIWUUUMH  tliWM  liUaUMA  Wla 

RO 

wo 

1  AO 

KL  Aim  firwi 

«fl.  Villi,  vus. 

OQ 

ao 

17K 

'PKa  fwyjoftiJI jftfW  WiUI  ffiAV  nnmnlptnl  V  milMMMl 
X  IIV          IvIftEuIUUI  WoO  IJVW  CIJUJ  UiCtCJ  J  rviUWVMf 

OB 

2B0 

as  it  was  ohson'ed  that  alth^aiLrh  tho  ven- 

VI 

100  R 

Ar±t3 

«n  1^    i'nA  AitfiiAljM    Aaruviialltr  tliA  ricvlk^  WMMk 
Ul  Ivf  vUO  BrllOulfS^f  t?9|JCUlallV  Lilt?  riliUIri  WWV 

cotnpro.vwii  1111(1  1  ni  ]ieuea  in  Unir  ttiw«04B. 

AO 

mo 

All 
944 

RU      1 0m  QAn 

OB.  licm.  ous. 

ucxxi  Dioou  uirucu  ou. 

lUo 

102 

278 

TKa  itYTkAnmAti^    wuj2  sf  ftnrw^/i    Kaup    wit  \\   f  nA 

hflut  ond  lungs  still  in  good  condition.  On 

the  whok'.  it  is  onn  of  the  most  sutij^fivrtiirv 

iu  our  series,  as  the  lungs  remained  in  goud 
ofder  throughout.  Instead  of  beooraing  cede- 

mutoiis  towards  the  end  of  the  eSfK-rimrTit , 

as  they  usually  do,  impeding  the  blood  llow 

and  more  or  less  ritlating  tho  reoalt.  This 

pradiially  incrca^incr  pulmonary  oxleini'i  i> 

one  reason  why  wo  have  rejected  all  ex^H-n- 

ments  but  those  in  which  the  heart  showed 

deciilcil  recovery  after  the  ri^ninval  of  the 

alcoholiscd  blood ;  it  is,        wo  feel  sure, 
mainly  responsible  for  our  Hkilure  in  moat 

cases  t^  ^et  a  complete  reeoverjol  the  OCgAn 

as  indicated  by  the  outHow. 
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Febraarj  26thy  1883.  Animal  under  morphia  while  heart  was 
being  iflolatedr  Isolation  completed  at  Ih.  05m.  P.  M.  Ontflow 
cannnla  in  right  carotid.   PreBsore  measured  in  left  earotid. 


Prt'HSurc 

'JUVIIOW. 

Ih.  42m.  m. 

122 

204 

Pericardium  removed  before  tlie  fii-bt  measure- 

45 

121 

meat  of  outflow  WAS  aado. 

48 

198 

207 

Ih.  50m.  00s. 

0.25  per  cent  alcoholised  blood  turned  on. 

52 

119 

200 

54 

117 

184 

5G 

117.5 

188 

Ih.  67ra.  00s. 

Good  blood  turned  on. 

59 

116 

183 

2h.  13ra.  00s. 

122 

198 

Three  measurements  made  between  Ih.  69m. 

1« 

122 

203 

and  2h,  Vim.  woro  thrown  aside  as  useless. 

21 

122 

200 

on  account  of  the  discovery  of  a  bubble  of 

26 

119 

902 

gas  imprijioned  in  a  bend  of  the  supply  tube 
of  iho  Mariotte's  bottle.    This  greatly  di- 

minished the  ouantity  of  blood  reaching  the 
heart.     Another  bottle  having  been  con- 

nected with  the  heart,  the  gas  was  removed 

and  the  experiments  continued. 

8h.  87iii.  OOs. 

0.25  per  oeiit.  alcoholised  blood  turned  on. 

20 
89 

118 
120 

197 
198 

9h.  88m.  00b. 

Gnml  blood  turned  on. 

196 

910 

2h.  dSm.  OOs. 

0.5  per  cent,  alcoholised  blood  turned  on. 

40 

190 

908 

49 

123 

2or, 

45 

122 

205 

9h.  46tn.  00ft. 

Qoad  blood  turned  on. 

nn 

198 

900 

2b.  olm.  OOs. 

1  per  cent,  alcoholised  blood  turned  on. 

68 

119 

196 

55 

117 

192 

57 

117 

190 

59 

118 

19! 

3h.  00m.  OOs. 

Good  blood  turned  on. 

08 

121 

203 

07 

193 

906 

Tfaonghout  this  experiment  the  Inngis  kept  in 
g(Kxl  condition.    It  shows  very  well  the 
slight  effect  of  alcohol  on  the  quantity  of 
blmd  pumped  out  by  the  heart  when  the 
jx!rieamium  hns  hioon  removed.   Evnn  blood 
containing  1  per  cent,  of  alcoluil  had  very 
little  influence  in  diroinishiug  the  ontflow. 
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THE  DIRECT  INFLUENCE  OF  GRADUAL  VARI- 
ATIONS  OF  TEMPERATURE  UPON  THE  RATE 
OF  BEAT  OF  THE  DOG'S  HEART.  By  H.  NEWELL 
MAKTIN,  M.  A.,  M.  D.So.,  Professor  in  the  Johns  Hopkiiis 
UniTersity. 

(Abetract)* 

lu  the  investigations  described  the  method  of  experiment  was 
saeh  as  to  oompletely  isolate  physiologically  the  heart  of  the 
dog  from  all  the  rest  of  the  body  of  the  animal,  lungs  excepted. 

This  was  acoomplished  by  occluding  the  right  and  left  eavotid 
and  snbclayian  arteries,  the  aorta  just  beyond  the  origin  of  the 
left  snbclavian,  and  ligaturing  both  venss  cavss  and  the  azygoe 
vein.  In  consequence  the  only  fraction  of  the  systemic  circula- 
tion left  open  was  that  through  the  coronary  system  of  Uie 
heart :  no  organ  but  the  heart  itself  has  any  blood  sent  it,  except 
the  Inngs.  Hence  the  oerebro-spinal  nerve-centres  and  the  sym- 
pathetic ganglia  very  soon  die,  while  the  heart  Remains  alive,  in 
good  working  oondition,  for  two  hours  or  more.  The  right 
auricle  is  supplied  uniformly  with  defibrinated  ealfs  blood,  con- 
veyed to  the  superior  vena  cava  from  Marietta  flasks.  The 
blood,  after  traversing  the  pulmonary  circuit,  is  finally  pamped 
by  the  left  ventricle  into  a  cannula,  which  is  tied  into  the  aorta 
just  beyond  the  origin  of  the  left  subclavian  artery.  From  the 
distal  end  of  the  cannula  a  wide  rubber  tube  carries  tiie  blood  to 
an  exit  cannula  seven  or  eight  feet  above  the  level  of  the  heart. 
By  raising  or  lowering  this  exit,  and  by  raising  or  lowering  the 
level  of  the  Mariotte  flasks  feeding  the  heart,  arterial  and 
venous  pressures  could  be  changed  at  wOl,  or  maintained  very 
nearly  constant. 

Venous  and  arterial  pressures  being  kept  constant,  the  tem- 
perature of  the  blood  supplied  to  the  heart  was  gradually 
changed  by  raising  or  lowering  the  temperature  of  the  water 

*  Iiei)rint  from  Pnx.'.  Roy.  S(k-.  No.  IBSS.  Thb  pnjjcrwill  shortly  Ikj  pub- 
liahixl  ill  full  in  the  Ptiilosophical  Tranaactioiis,  as  the  Crooiiiau  Lecture  lor  the 
year  1883. 
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coDtained  in  the  ▼QfiselB  in  which  the  feeding  Mariotte  flasks 
were  immersed. 

The  pulse-rate  was  recorded  by  a  Fick's  spring  manometer,  and 
arterial  pressure  by  a  Marey's  mean-pressure  inerciiry  i nano- 
meter, each  being  connected  with  the  central  Ktump  of  a  carotid 
artery,  Temperatiires  were  read  by  means  of"  a  tlieriiionieter  tied 
into  tiie  root  of  the  left  subclavian,  so  that  its  bulb  projected  into 
the  aortic  arch. 

X^niforin  artificial  respiration  was  maintained. 

As  tlie  result  of  iiiany  experiments  it  was  found  (1)  that  the 
iBolated  dog's  heart  beats  quicker  when  supplied  with  warm  blood, 
and  slower  when  cold  blood  is  supplied  to  it;  (2)  that  the  rate  of 
beat  depends  much  more  upon  the  temperature  of  the  blood  iu 
the  coronary  arteries  than  on  its  temperature  iu  the  right  auricle 
or  ventricle ;  (o)  that  when  defibrinated  calTs  blood  is  used  to 
feed  tlie  heart,  that  oriran  cannot  )>e  kept  alive  as  long  as  wlien 
dotibrinated  dog's  biood  is  t  uiployed;  (4)  that  no  matter  hi)w 
lonL'  an  ex])erimcnt  lasts,  the  delibriuated  blood,  circulated  .iL-^  iin 
and  -A^z'.uw  thioijgh  heart  and  luniTB.  shows  no  tendency  to  clot; 
hence  tibnnogen  is  not  jiroduced  in  those  organs. 

The  qnofJtion  answered  by  the  first  of  the  above  results  was 
the  one  tor  whose  solution  the  research  was  undertaken.  The 
experiments  sliow  that,  in  spite  of  its  highly  developed  extrinsic 
nervous  apparatuses,  the  lieart  of  the  mammal  does,  so  far  as  its 
rhythm  is  concerned,  in  its  own  nervo-muscular  tissties,  respond 
to  temperature  variations  within  wide  limits  (42*^ — 27*^  C),  just 
as  the  frog's  heart  or  that  of  the  embryo  chick  does.  To  account 
for  the  quick  pulse  of  fever  we,  therefore,  need  not  look  beyond 
the  mammalian  heart  itself ;  we  require  no  theoretical  assump- 
tion of  any  paralysiB  of  inhibitory,  or  any  excitation  of  acoeien^ 
tor  cardio^trinsic  nerve^sentree. 
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Ambly stoma  puneiatum,  Piate  11. 
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Plate  111. 
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Flate  VII. 
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Segmenting  Vertebrate  Ovum. 
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